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Part     III     {Continued) 

Spinning 

CHAPTER    III 
Slubbing   and    Roving 

Drawing  and  Twisting. — The  spinning  process  having  been  broken 
up  into  parts,  the  drawing  operation  can  be  viewed  by  itself;  but  the 
very  finest  drawing  frame  cannot  produce  anything  useful  and  only 
prepares  the  fibres  for  operations  succeeding.  Drawing  rollers  and 
faller  gills  elongate  and  attenuate  the  sliver  and  make  of  it  a  fragile 
thing  useless  for  any  purpose  save  that  for  which  it  has  been  destined 
in  the  factory.  We  have  seen  the  drawing  operation  to  be  such  that, 
if  it  were  not  for  repeated  doublings,  the  slivers  would  fall  to  pieces, 
and  all  possibility  of  producing  a  thread  vanish.  The  finest  sliver 
is  too  thick  for  yarn  and  it  lacks  the  necessary  tensile  strength  and 
compactness.  The  cans  in  which  the  drawings  have  been  conveyed 
from  place  to  place,  from  frame  to  frame,  are  unwieldy,  and,  if  the 
work  is  to  progress  rapidly,  some  other  carrier  must  be  devised. 
After  the  drawing,  therefore,  operations  are  turned  in  the  direction 
of  refining  and  strengthening  the  thick,  soft  ropes,  and  forming 
them  into  portable  shape. 

Because  the  slivers  are  yet  thick,  the  main  object  of  the  opera- 
tions immediately  following  must  still  be  drawing.  The  other  pur- 
poses named  are  subsidiary,  and  to  be  achieved,  if  possible,  by  some 
apparatus  attached  to  a  drawing  frame.  Doubling,  as  a  means  of 
strengthening  the  sliver,  is  practically  discounted  at  this  stage,  and 
another  device  must   be  adopted.      The  twining  of  the  fibres  round 

each  other  has  been  the  method  employed  from  the  very  beginnings 
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of  the  industry.  Of  almost  equal  antiquity  is  the  spool  for  carrying 
the  threads.  The  task  the  inventors  of  the  machinery  for  carrying 
through  this  stage  of  the  textile  spinning  process  set  themselves  was 
to  find  tools  which  would  twist,  wind,  and  spool  the  sliver  as  it  came 
off  the  drawing  frame.  The  tools  required  were  not  far  to  seek;  they 
had  already  been  in  use  on  the  Saxony  wheel  for  some  time. 

Spindle,    Flyer,   and    Bobbin. — We   have   glanced   at  the  spindle 
and  flyer   in  a   general  way,    but  now  we  are  in  a  position  to  take 

a   keener   interest   in  them  and   understand 
more  clearly  the  value  of  their  parts. 

On  the  common  spinning  wheel  the 
drawn-out  fibres  were  bound  together  into 
the  form  of  a  thread  by  twisting  on  the  point 
of  the  spindle  driven  by  the  wheel,  and  the 
thread  released  was  guided  and  wound  on 
the  spool.  Adding  on  a  flyer  to  the  top  of 
the  spindle,  and  a  whorl  to  the  bottom  of 
the  spool,  the  inventor  of  the  Saxony  wheel 
enabled  the  spinner  to  produce  thread  con- 
tinuously, twisting  and  winding  at  the  same 
moment.  Throughout  the  whole  process  of 
yarn  preparation — drawing,  spinning,  reel- 
ing, winding,  doubling  of  wool,  cotton,  flax, 
hemp,  jute,  ramie,  and  silk — the  implements 
originally  set  in  the  head  of  the  Saxony 
wheel  appear  and  reappear  in  various  forms. 
Understanding  the  flyer  and  spindle,  we 
shall  find  all  forms  of  textile-yarn  prepara- 
tion familiar  and  easy  of  comprehension. 
Though  long  obsolete,  the  Saxony  wheel  may  be  taken  as  the 
model  of  illustration,  because  in  it  the  instruments  of  production  are 
to  be  seen  in  simple  and  open  shape.  The  wheel  is  grooved  for  a 
double  cord.  Some  kinds  had  a  special  rim  for  the  second  cord; 
but  that  particular  need  hardly  be  considered  at  present.  Both  cords 
ran  to  the  head  of  the  spinning  apparatus,  the  one  round  the  whorl 
on  the  end  of  the  spindle  and  the  other  round  the  whorl  on  the  end 
of  the  bobbin  or  bobbin  sleeve.  The  spindle  whorl  was  larger  than 
that  of  the  bobbin  for  a  very  important  reason.  The  early  inventor 
of  the  spinning  wheel,  as  we  saw,  discovered  that,  by  making  his 
driving    wheel    large,    he    could    obtain   a  speed    on    his   spindle   far 


Fig.  114. — Spindle  of  Bobbin-and-Fly 
Frame,  with  Spring  Presser 
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greater  than  by  driving  the  spindle  itself.  At  least  the  device  saved 
labour  to  what  must  then  have  seemed  a  miraculous  degree.  To 
persons  unacquainted  with  mechanics  the  difference  between  surface 
speed  and  speed  of  revolution  sometimes  presents  a  stumbling  block. 
Suppose  a  wheel  3  ft.  in  circumference  is  driving  a  pulley  or  whorl 
3  in.  in  circumference,  the  surface  speeds  of  both  will  be  the  same, 
but  the  revolution  of  the  whorl  will  be  twelve  times  greater  than  the 
revolution  of  the  wheel.  If  the  wheel  is  driven  at  the  rate  of  100 
revolutions  per  minute,  the  whorl  will  run  round  at  the  rate  of  1200 
revolutions  in  the  same  time.  It  follows  that  the  greater  the  differ- 
ence between  the  diameters  of  the  driving  and  driven  wheels,  the 
greater  the  difference  in  the  revolution 
speeds.  We  have  said  that  the  whorl 
on  the  bobbin  was  smaller  than  that 
on  the  spindle,  and  that  the  difference 
between  the  former  pair  was  greater; 
therefore  the  speed  of  the  bobbin  must 
be  higher  than  the  speed  of  the  spindle. 
On  the  drawing-and-twisting  frames 
the  problems  become  more  complex; 
but  the  principle  in  its  simplest  form 
is  all  that  we  at  present  require. 

The    flyer,    resembling    in    general 
shape  the  head  of  a  two-pronged  fork, 

is  fixed  on  the  top  of  the  spindle,  the  legs  extending  parallel  with 
the  bobbin  sleeved  on  the  spindle.  The  head  of  the  flyer  is  a  hollow 
tube  screwed  oh  to  the  spindle  by  a  screw  on  the  inner  wall,  whilst 
the  outer  wall  forms  a  cup  encircling  the  head  of  the  spindle.  Just 
at  the  bends  of  the  legs  orifices  are  made  in  the  inner  wall  of  the 
tubular  head,  thus  making  a  complete  channel  from  the  cuplike  top 
to  the  legs  of  the  flyer.  Another  feature  of  this  first  flyer  is  the  row 
of  hooks  on  the  outside  of  both  legs. 

Drawn  from  the  distaff,  the  thread  is  passed  through  the  head 
of  the  flyer,  coming  out  at  the  opening  on  the  inner  side  and  being 
wound  round  the  leg;  thence  it  is  taken  to  the  bobbin.  The  spinner 
gives  the  wheel  a  turn,  causing  both  spindle  and  bobbin  to  revolve. 
The  speed  of  the  bobbin  being  greater  than  the  speed  of  the  spindle 
and  flyer,  it  draws  the  yarn  on  to  itself.  Given  that  the  ratios  are 
5  to  4,  for  every  four  revolutions  of  the  spindle  the  bobbin  draws 
on  a  round  of  thread.     Say  that  the  length  drawn  on  to  the  bobbin 


Fig.  115. — Equational  Mechanism  of  Houlds- 
worth's  Differential  Box  in  the  Bobbin-and-Fly 
Frame 
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is  2  in.,  it  follows  that  the  yarn  is  given  a  twist  of  two  to  the  inch. 
Yet  another  fact  may  be  noted.  If  the  thread  always  came  from 
one  point  on  the  flyer  it  would  be  wound  constantly  on  one  part 
of  the  bobbin.  But  the  spinner  hooks  the  thread  through  one  of  the 
hooks  on  the  flyer  leg,  and  when  one  part  of  the  bobbin  has  been 
filled  shifts  the  thread  to  another  hook. 

It  need  hardly  be  said  that  the  Saxony  wheel  had  many  defects; 
but  it  affords  a  simple  illustration  of  a  series  of  very  complex  problems. 
We  have  there  the  rude  sketch  of  the  spindle,  bobbin,  and  flyer,  and 
the  outline  serves  to  make  a  beginning. 

Improved  Bobbin  and  Flyer. — As  the  textile  workers  know  them, 
the  bobbin  and  flyer  are  quite  different  from  those  we  have  been 
examining.  The  spindle  (fig.  114)  is  vertical  and  power-driven;  the 
flyer  is  a  double  fork  of  fine  steel ;  the  bobbin  is  no  longer  a  spool 
flanged  at  both  ends,  with  a  grooved  whorl,  but  a  tube  fixed  in  some 
fashion  to  a  driven  spindle.  On  the  leg  of  the  flyer  in  use  a  small 
spring  named  the  presser  is  screwed,  and  it  acts  like  a  pressing  finger, 
guiding  and  compressing  the  yarn  as  it  is  wound  on  the  bobbin. 
Various  other  improvements  are  added  on  by  different  makers,  some 
few  of  which  it  may  be  necessary  to  observe  on  the  frames. 

Problems  Solved  on  the  Bobbin  and  Fly  Frames. — When  the 
twisting  and  winding  of  yarns  was  undertaken  by  machine  inventors, 
they  very  probably  underestimated  the  difficulties  which  were  to  be 
met  with.  As  it  leaves  the  drawing  frame  proper  the  sliver  is  fragile; 
it  must  be  drawn  out  farther,  and  the  device  of  doubling  to  strengthen 
cannot  serve  always,  for  at  one  point  or  another  the  single  thread  is 
needed.  We  already  know  that  twisting  of  threads,  causes  the  com- 
ponent fibres  to  grip  over  each  other;  twist  is  our  next  resource.  If, 
however,  twist  is  applied  too  severely,  further  drawing  is  impossible. 
At  the  same  time  we  desire  a  delivery  of  the  sliver  while  being 
twisted.  The  first  problem  of  the  mechanic,  therefore,  was  to  devise 
a  contrivance  which  would  deliver  the  sliver  and  put  on  to  it  a 
certain  minimum  of  twist  at  the  same  time. 

Having  solved  that  problem,  the  next  difficulty  would  be  to  receive 
the  sliver.  Delivery  into  cans  is  precluded  as  unsuited  to  the  close 
and  swift  operations  following.  From  time  out  of  mind  the  bobbin 
or  spool  has  been  recognized  as  the  most  suitable  carrier  of  all  kinds 
of  yarns.  A  method,  therefore,  of  winding  the  drawn  and  twisted 
slivers  on  to  bobbins  was  demanded. 

The  winding   of  the  sliver  on  to  the   bobbin   in  the  old   Saxony 
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wheel  was  admittedly  defective.  In  various  circumstances  the  regular 
winding  of  the  yarn  on  the  bobbin  is  of  much  importance ;  we  require, 
in  fact,  that  every  layer  of  yarn  shall  lie  on  the  bobbin  in  one  level. 
The  regular  winding  of  the  bobbin,  therefore,  was  the  third  great 
problem  of  the  drawing  and  twisting  machines. 

These  problems  have  been  solved,  but  in  order  to  be  able  to 
appreciate  the  solutions  and  adopt  them  in  practical  work  it  is 
necessary  to  view  them  one  by  one. 

1.  Delivering  and  Twisting  the  Drawn  Sliver. — The  spindle  and 
flyer  was  the  answer  to  the  problem  involved  in  twist  and  delivery 
of  the  sliver  of  all  drawing  frames.  Finely  balanced  on  the  head  of 
a  spindle,  the  flyer  bends  over,  its  legs  parallel  with  the  spindle. 
The  legs  may  be  either  completely  tubular  or  tubular  only  at  the 
head.  In  any  case  the  flyer  safely  holds  the  yarn,  or  sliver,  which  is 
led  into  it.  On  the  end  of  the  flyer  leg  which  is  being  used  a 
small  finger  of  iron  is  screwed,  extending  at  right  angles  and  de- 
signed to  press  against  the  yarn  when  it  is  being  wound  on  the 
bobbin.  It  is  obvious  that  the  spindle  in  revolving  must  give  the 
sliver  passing  through  the  cup  in  its  head  and  drawn  through  one  of 
the  flyer  legs  a  certain  amount  of  twisting,  the  degree  of  twist  being 
limited  only  by  the  length  of  time  that  part  of  the  sliver  remains 
within  its  revolution.  Our  object,  however,  is  to  limit  very  strictly 
the  twist  of  the  spindle,  and  this  is  attained  by  simple  means.  The 
flyer  is  fixed  on  the  spindle  in  front  of  a  form  of  drawing  apparatus 
which  delivers  sliver  at  a  given  rate.  Say,  for  the  sake  of  illustra- 
tion, that  the  delivery  of  the  drawing  rollers  is  at  the  rate  of  600  in. 
per  minute.  The  sliver  delivered  coming  to  the  apex  of  the  spindle 
passes  through  the  flyer;  its  function  is  to  pass  the  sliver  on.  If  we 
desire  to  put  three  turns  of  twist  per  inch  on  to  that  sliver,  we  must 
make  the  spindle  and  flyer  revolve  at  the  rate  of  1800  turns  per  minute. 
The  amount  of  twist  is  determined  by  the  ratio  of  the  revolution  of 
the  spindle  to  the  length  of  sliver  delivered.  If  less  twist  is  required, 
either  the  spindle  speed  must  be  slackened  or  the  length  of  sliver 
per  minute  increased.  Revolving  at  the  rate  of  1200  revolutions 
per  minute,  the  spindle  would  give  the  same  sliver  two  turns  to  the 
inch ;  a  sliver  delivered  at  a  greater  rate  would  receive  proportionately 
fewer  turns  of  twist. 

2.  Spooling  the  Sliver. — When  the  sliver  has  come  through  the 
flyer  it  is  ready  to  be  wound,  and  the  bobbin  is  on  the  spindle  to 
receive   it.       Keeping   to   the   supposition    that   600   in.    of  sliver  are 
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being  delivered,  we  require  the  bobbin  to  take  on  that  length  of 
sliver  at  the  rate  given.  Between  the  speed  of  the  bobbin  and  the 
revolution  of  the  spindle  a  difference  of  600  in.  per  minute  must  be 
maintained.  Three  methods  of  solving  this  problem  have  been  de- 
vised. The  first  method  was  a  direct  adaptation  from  the  Saxony- 
wheel  and  is  now  operated  on  the  worsted-drawing  frames,  the  spin- 
ning frame  known  as  the  "Throstle",  and  some  doubling  frames. 
The  bobbin  has  no  motion  of  its  own  and  is  simply  sleeved  loosely 
on  the  spindle.  From  the  point  of  the  flyer  the  thread  is  wound  on 
to  the  bobbin,  the  thread  or  sliver  acting  like  a  cord  and  dragging 
the  bobbin  round;  but  the  flyer  is  always  giving  out  the  sliver; 
consequently  the  bobbin  falls  behind  in  that  proportion  compounded 
with  its  own  circumference.  Supposing  the  flyer  and  bobbin  to  start 
at  1800  and  1200  revolutions  per  minute  respectively,  for  a  bobbin 
3  in.  in  circumference  to  take  on  a  delivery  of  600  in.  of  sliver  the 
ratios  of  speed  would  be  mechanically  maintained  through  the  added 
weight  of  the  bobbin  causing  an  increased  drag  on  the  flyer.  The 
bobbin  grows  in  circumference,  and  the  speed  ratios  between  it  and 
the  flyer  change ;  but  the  weight  also  grows  and  drags  more  strongly 
on  the  flyer;  therefore  the  speed  of  its  revolution  increases  and  the 
ratios  are  maintained. 

Though  suited  for  strong  threads,  the  dragging  method  is  alto- 
gether unsuited  for  soft  and  fragile  slivers.  As  we  shall  see,  even 
the  long-wool  spinners  have  largely  discarded  it  in  favour  of  a  gentler 
and  more  certain  method.  The  strain  on  the  soft  slubbing  is  too 
severe,  and  the  action  of  the  drag  is  not  reliable,  except  in  special 
instances.  We  have  purposely  made  the  terms  vague  and  general, 
because  the  elements  of  the  whole  operation  require  more  detailed 
examination  than  we  have  yet  been  able  to  give. 

Two  methods  of  winding  the  sliver  on  to  the  bobbins  have  been 
brought  into  use,  avoiding  strain  on  the  sliver.  Both  systems  re- 
quire that  flyer  and  bobbin  be  separately  driven,  but  in  the  one  the 
bobbin  runs  quicker  than  the  flyer  and  in  the  other  the  flyer  revolves 
more  quickly  than  the  bobbin.  The  latter  is  the  older  and  more 
common  method ;  the  former  is  the  newer  and  better.  But  the  prin- 
ciple of  working  being  the  same,  and  as  the  older  method  is  the 
better  known,  we  shall  take  it  up  for  examination. 

Suppose,  first,  two  points  revolving  in  concentric  circles  on  a 
common  axis,  with  a  cord  between  them,  which,  at  the  slightest 
strain,  will  break.     In  order  that  the  thread  may  remain  intact,   both 
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points  must  revolve  at  equal  speeds.  If  the  one  slackens,  or  the 
other  quickens,  the  distance  between  the  points  of  connection  widens 
and  the  cord  breaks.  Suppose,  further,  that  the  inside  point  repre- 
sents the  surface  of  a  bobbin,  that  the  outside  point  is  the  nose  of 
a  flyer,  and  that  the  cord  is  a  sliver  which  lengthens  out  an  inch  for 
every  revolution  of  the  flyer.  A  difference  must  now  be  made  be- 
tween the  speeds  of  the  two  if  the  sliver  is  to  remain  intact.  For,  if 
the  speeds  are  equal,  the  delivered  sliver  will  simply  tangle  and  break. 
Either  the  bobbin  must  run  so  slowly  as  to  take  on  the  inch  of  cord, 
or  it  must  by  so  much  exceed  the  speed  of  the  flyer.  Our  chief  point 
at  present  is  that  a  difference  must  be  brought  about  between  the 
rates  of  revolution. 

Having  made  that  matter  clear,  we  can  now  advance  a  step  farther. 
Assume  that  the  flyer  gives  off  i  in.  of  sliver  for  every  revolution, 
that  the  bobbin  is  3  in.  in  circumference,  and  that  the  ratios  of 
speed  to  begin  with  are  three  revolutions  of  the  flyer  to  two  of  the 
bobbin.  While  the  flyer  has  gone  round  once,  the  bobbin  has  made 
two-thirds  of  a  revolution.  This  allows  the  flyer  to  wind  i  in.  of 
sliver  round  the  bobbin,  because  the  latter  has  been  overtaken  to 
that  length.  On  its  second  revolution  the  flyer  gives  off  another 
inch  of  sliver;  the  bobbin  has  fallen  another  third  of  a  turn  behind 
and  a  second  inch  of  sliver  is  wound  on  it.  At  the  third  revolution 
of  the  flyer  the  third  inch  of  sliver  is  wound  on,  while  the  bobbin 
has  made  only  two  revolutions.  This  being  the  pre-arranged  pro- 
portion of  speeds,  the  whole  movement  is  completed. 

The  crux  of  the  problem,  however,  yet  remains  unsolved.  The 
circumference  of  the  bobbin  increases  with  every  layer  of  sliver.  We 
started  with  a  bobbin  3  in.  in  circumference,  but  very  soon  we  have 
a  bobbin  6  in.  in  circumference  to  deal  with.  If  driven  at  the  same 
speed  the  bobbin  would  take  on  6  in.  of  sliver  where  formerly  it 
only  took  three;  but  the  flyer  only  gives  off  3  in.  in  every  three 
revolutions.  The  speed  ratios  are  completely  altered.  The  bobbin 
has  only  half  the  surface  speed  it  had  at  the  start,  because  it  is 
doubled  in  size.  To  maintain  the  ratios  the  speed  of  the  bobbin 
must  be  quickened  to  the  degree  in  which  each  layer  of  sliver 
increases  its  circumference.  The  thickness  of  the  sliver,  of  course, 
determines  the  rate  of  increase. 

An  early  writer  on  the  subject  has  succinctly  described  the  prob- 
lem in  another  way.  He  says:  "By  the  revolution  of  the  spindle 
and  flyer  the   slubbing   receives   its   twist,   and    by   the   difference   of 
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the  rotation  of  the  flyer  and  bobbin  is  it  wound  upon  the  latter  exactly 
in  proportion  as  it  is  given  off  by  the  rollers.  The  winding  on  takes 
place  in  a  ratio  compounded  of  the  difference  of  the  speed  of  the 
bobbin  and  flyer  and  of  the  circumference  of  the  bobbin.  Were 
the  winding  on  to  be  a  constant  quantity,  like  the  motion  of  the 
delivering  rollers,  the  product  of  the  two  numbers  would  be  the 
same;  but  when  one  of  them  alters,  as  happens  to  the  diameter  of 
the  bobbin,  which  is  constantly  increasing,  the  other  quantity, 
namely,  the  difference  between  the  number  of  revolutions  of  the 
bobbin  and  flyer,  must  be  decreased;  a  change  produced  by  increas- 
ing the  speed  of  the  bobbins,  while  the  flyers  revolve  uniformly." 

3.  Winding  on  the  Bobbin. — If  the  same  point  of  the  bobbin  were 
always  opposite  the  foot  of  the  flyer,  the  sliver  would  be  wound 
round  that  part  of  the  bobbin  only.  Being  fixed  on  the  top  of 
the  spindle,  it  is  impossible  to  move  the  flyer;  it  is  equally  impos- 
sible to  alter  the  position  of  the  sliver  on  the  roller.  We  saw 
that  the  spinner  on  the  Saxony  wheel  changed  the  area  on 
which  the  thread  was  wound  on  the  bobbin  by  moving  it 
from  one  guide  hook  to  another,  but  we  have  no  corresponding 
instrument  here.  Obviously  the  shifting  of  the  bobbin  is  our  only 
resort,  and  this  is  fortunately  not  difficult.  The  bobbin  sits  loosely 
on  the  spindle,  and  the  latter  may  be  made  as  long  as  necessary.  If 
the  bobbin  is  carried  the  full  length  of  its  carrying  surface  up  and 
down  opposite  the  foot  of  the  delivering  flyer,  the  sliver  will  be 
wound  evenly  over  the  whole  bobbin.  For  this  purpose  the  basis 
of  the  bobbins  was  made  what  has  been  called  a  lifter  plate,  which 
carries  them  up  and  down  with  regulated  motion,  the  upward  and 
downward  motions  being  governed  by  an  ingenious  mechanism 
which  moves  the  plate  exactly  the  breadth  of  a  thread  every  time  a 
round  is  put  upon  the  bobbin. 

In  some  frames,  to  be  noted  hereafter,  another  contrivance  is 
employed.  This  is  named  the  copping  rail.  With  the  copping  rail 
the  bobbins  remain  stationary,  while  the  rail  carries  the  thread  or 
sliver  up  and  down  the  bobbins. 

The  problems  explained  are  those  general  to  all  classes  of  bobbin- 
and-fly  frames.  The  mechanisms  by  which  the  solutions  given  have 
been  carried  into  practical  effect  vary  greatly  in  form  and  character 
on  the  different  machines.  Cotton  manufacturers  alone  have  a  large 
choice  offered  them,  and  the  spinners  of  worsteds,  flax,  silk,  ramie, 
jute,    and    hemp    have    also    a    considerable    number    of   specialities. 
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We  can  observe  the  leading  features  of  those  contrivances  with  more 
advantage  on  the  frames  themselves  than  by  considering  them  in 
an  abstract  and  general  way. 

The  Place  of  the  Bobbin -and -Fly  Frame. — Spinning,  in  the 
modern  factory,  is  a  series  of  processes,  grading  one  into  another. 
As  we  view  it,  the  series  is  separable  into  three  main  divisions: 
drawing,  drawing  and  twisting,  and  spinning.  The  introduction 
of  the  bobbin  and  flyer  marks  the  beginning  of  the  intermediate 
stage.  In  every  kind  of  textile  factory  this  fact  is  to  be  seen. 
There  are  a  few  exceptions,  such  as  woollen  threads  and  silks,  but 
these  are  commonly  known  and  understood.  Silk,  distinctively  named 
thrown  silk,  is  never  subjected  to  drawing;  it  is  prepared  by  spinning 
alone.  In  the  view  of  some,  silk  manufacture,  as  practised  in  this 
country,  is  not  even  spinning,  but  merely  a  doubling  operation.  It 
is  true  that,  as  a  rule,  silk  comes  into  our  hands  as  a  thread;  but  it 
is  a  pedantic  restriction  of  terms  quite  impossible  in  practical  industry 
to  deny  the  throwing  or  twisting  of  silk  the  title  of  spinning.  On 
the  woollen  threads  the  drawing  necessary  is  done  on  the  mule  frame, 
which  twists  and  draws  at  the  same  time.  These  and  lesser  exceptions 
do  not  invalidate  the  proposition  that  the  bobbin-and-fly  frame  is 
the  characteristic  machine  of  the  intermediate  stage  of  spinning. 
When  the  sliver  begins  to  change  into  yarn,  the  spindle  and  flyer 
do  the  work  and  the  bobbin  takes  on  the  product. 

Cotton  Slubbing. — As  it  comes  off  the  last  drawing  frame,  the 
cotton  sliver  should  be  smooth,  compact,  and  regular.  While  the 
character  of  the  sliver  depends  largely  on  the  kind  of  cotton  of  which 
it  is  composed,  these  qualities  belong  to  all  classes  of  sliver  which 
have  been  well  drawn.  Coarse,  hard  cottons  remain  spongy  and 
rough,  but  they  are  smooth  and  even  compared  with  the  state  they 
were  in  when  they  left  the  carder.  Another  quality  is  evident,  if 
the  work  of  drawing  has  been  properly  done,  and  that  is  the  general 
uniformity  of  sliver  with  sliver.  Brought  in  cans,  the  slivers  are 
placed  behind  the  slubbing  frame  for  further  drawing,  for  the  first 
light  touch  of  twisting,  and  for  winding  on  to  bobbins. 

The  slubbing  frame  (fig.  116)  being  so  distinctively  a  preparation 
for  the  operations  and  machines  to  follow,  it  can  hardly  be  considered 
by  itself.  It  is  one  link  in  a  system,  and  the  manner  of  its  operation 
depends  greatly  on  the  part  it  is  required  to  play  in  relation  to  other 
machines.  For  instance,  coarse  cottons,  to  be  spun  into  low  counts, 
are   doubled  on   the   slubbing  frame,   and  passed  right  along  to  the 
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roving  frame.  The  draft  is  very  strong,  running  up  as  high  as  8 — i, 
the  twist  is  severe,  and  the  speed  of  the  whole  machine  comparatively- 
high.  On  the  contrary,  a  fine  sliver  designed  for  high  counts,  say 
200  s  to  300  s,  is  passed  singly  through  the  slubbing  frame,  given 
only  as  much  twist  as  will  enable  the  elongated  sliver  to  stand  the 
drag  off  the  bobbin  on  the  next  frame,  and  sent  on  to  an  intermediate 
frame,  where  it  may  be  doubled  and  drawn  to  a  fine  sliver  for  the 
roving  frame. 

Structure  of  the  Slubbing  Frame. — The  slubber  may  be  taken  as 
representative  of  the  series  of  bobbin-and-fly  frames  employed  in  the 
drawing  and  twisting  of  cotton  and  other  yarns.     The  special  features 


Fig.  116. — Cotton-slubbing  Frame 


of  the  others  can  be  noted  when  the  turn  of  each  comes  to  take  up 
the  thread.  Differing  from  the  drawing  frame,  the  slubbing  machine 
has  three  drawing  rollers,  with  accessories  and  driving  gear.  The 
draft  varies  with  the  quality  of  cotton  and  the  hank  of  slubbing 
required,  but  the  average  draft  is  higher  than  that  on  the  drawing 
frame.  At  the  back  of  the  frame  is  the  traverse  guide  which  moves 
slowly  to  and  fro,  the  length  of  a  single  boss  of  a  drawing  roller 
or  a  little  less.  If  the  thread,  or  sliver,  were  allowed  to  pass  con- 
stantly over  one  part  of  the  drawing  rollers,  it  would  soon  make  a 
groove  in  every  pair  and  render  them  useless.  For  that  reason 
the  direction  of  the  sliver  is  constantly  being  changed  by  the  oscil- 
lating lever. 

In  appearance  the  front  of  the  slubbing  frame  differs  entirely  from 
the  drawing  frame.  When  we  contrast  the  two,  we  perceive  that  a 
new  region  has  been  entered.     Rows  of  tall  spindles  come  up  from 
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somewhere  near  the  floor,  their  heads  crowned  with  long-legged 
flyers,  and  upon  them  large  tubular  bobbins,  9  or  10  in.  long, 
the  bases  of  the  bobbins  resting  on  a  flat  rail  extending  across  the 
whole  frame.  On  small  slubbing  frames  there  are  usually  forty  of 
these  spindles;  on  large  frames  the  number  is  commonly  sixty. 
Within,  and  on  both  sides  of  the  frame,  driving  wheels,  shafts, 
pinions,  cones  and  straps,  of  puzzling  complexity,  are  added  on  to 
the  simpler  mechanisms  of  the  drawing  frame 

Drive   of  the   Spindles. — To    economize    space    the    spindles    are 

_       Draft   Change  Wheel 


Fig.  117.— Gearing  for  Slubbing,  Intermediate,  Roving,  and  Fine  Roving  Frames  (Piatt  Bros.  &  Co. 


ranged  in  two  rows,  the  second  row  being  set  close  to  the  divisions 
between  each  pair  in  the  front  row.  A  pair  of  driving  shafts  are 
thus  required  for  actuating  the  spindles.  Protected  from  dust  by 
a  cover,  the  shafts  extend  horizontally  on  the  frame,  almost  at  the 
floor  level.  On  both  shafts  a  series  of  bevel  wheels  revolve  in 
pinions  on  the  bases  of  the  spindles.  As  both  shafts  receive  their 
motion  from  a  common  driver,  they  necessarily  revolve  in  opposite 
directions;  to  make  the  spindles  turn  in  one  direction  the  front  row 
is  placed  to  the  left  and  the  second  to  the  right  of  the  driving  shaft 
in  each  case.  From  the  main  shaft  of  the  frame  a  series  of  wheels 
carry  the  drive  to  the  pair  of  shafts  driving  the  spindles. 

Differential  Motion  of  the  Bobbins. — We  know  that  the  speed  of 
the  bobbins  is  varied — accelerated  when  the  bobbin  follows  the  flyer, 
slackened  when  the  flyer  follows  the  bobbin.       Almost  every  builder 
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of  slubbing  frames  has  his  own  favourite  mechanisms  for  effecting 
this  differential  motion,  but  they  are  all  indebted  to  the  original 
device  of  William  Houldsworth,  founder  of  the  firm  of  Houldsworth 
&  Son,  now  part  of  the  Fine  Cotton  Spinners'  and  Doublers' 
Association.  The  main  ideas  in  Houldsworth's  patent  were  what  is 
known  as  the  equational  box  (fig.  115),  composed  of  bevel  and  pinion 
wheels  set  together  on  the  square  and  made  to  act  and  interact  on 
each  other  in  a  highly  complex  way,  combined  with  a  double-cone 
motion.  Later  contrivances  have  simplified  and  perfected  these  ideas 
in  a  variety  of  ways.  In  actual  working  we  find  that  the  important 
point  is  to  see  that  the  cones  are  properly  balanced  and  that  the 
strap  connecting  them  is  carried  level. 

It  is  already  understood  that  both  rows  of  bobbins  are  driven 
independently  of  the  spindles  upon  which  they  are  loosely  sleeved. 
To  avoid  unnecessary  complexity,  let  us  look  only  at  one  row 
of  bobbins.  On  the  main  shaft  a  wheel  is  carried  which,  by  a 
train  of  wheels,  drives  the  shafts  that  carry  the  bevels  driving 
the  pinions  of  the  bobbins.  This  wheel  is  required  to  change  its 
rate  of  speed,  at  a  uniform  pace,  as  each  layer  of  sliver  enlarges 
the  circumference  of  the  bobbins.  If  the  bobbin  follows  the  flyer, 
its  speed  is  accelerated;  in  the  opposite  case,  its  speed  gradually 
diminishes.  The  former  is  the  more  common.  The  gradual  change 
in  the  revolution  of  the  wheel  is  produced  by  the  cone-driving 
motion  connected  with  the  differential-wheel  motion  we  have  noted. 
The  top  or  driving  cone,  in  the  case  of  accelerated  motion,  js  slightly 
concave  in  shape;  the  bottom  or  driven  cone  is  slightly  convex.  A 
strap  connects  the  two.  At  the  start  the  strap  is  round  the  small 
end  of  the  driving  cone  and  on  the  larger  end  of  the  driven  cone. 
When  a  layer  of  sliver  has  been  wound  on  the  bobbin,  the  position 
of  the  strap  on  the  cones  is  shifted,  advancing  towards  the  thick 
end  of  the  driving  cone  and  the  thin  end  of  the  driven  cone,  accele- 
rating the  speed  of  the  bobbins.  For  while  the  normal  speed  of 
the  bobbins  is  derived  from  the  main  shaft,  on  the  latest  frames 
the  differential  speed  is  given  by  the  driven  cone.  In  accordance 
with  the  law  that  the  smaller  of  two  pulleys  related  to  each  other 
as  driver  and  driven  is  the  faster,  the  gradual  decrease  of  the  cir- 
cumference round  which  the  belt  is  held  on  the  lower  cone,  com- 
bined with  the  increase  in  the  diameter  of  the  upper,  or  driving 
cone,  accelerates  the  speed  of  the  latter  and  the  speed  of  the  bobbins. 

Winding    Traverse    Motion. — The    bobbins    are    carried    up   and 
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down  the  spindle  in  vertical  traverse,  to  receive  the  sliver  in  even 
layers  upon  their  whole  length.  This  is  accomplished  on  the  cotton 
slubbing  and  roving  frames  by  making  the  base  of  the  bobbins  a 
carriage  containing  the  driving  gear,  which  moves  up  and  down 
in  slides,  the  whole  movement  being  controlled  by  levers  working 
on  studs  in  what  is  called  the  mangle  wheel  driven  from  the  lower 
cone.  Vertical  traverse  of  the  bobbin  carriages  and  acceleration 
of  the  speed  of  the  bobbins  are  thus  intimately  related.  But  the 
shifting  of  the  rack  of  the  cone  strap  involves  a  shortening  of  the 
levers  governing  the  up-and-down  traverse  of  the  carriage,  and 
therefore  a  lessening  of  the  length  of  the  bobbin  over  which  the 
sliver  is  wound.  Every  layer  of  sliver  wound  on  starts  the  breadth 
of  a  thread  nearer  the  centre  of  the  bobbin  than  the  one  under  it, 
and  finishes  a  round  shorter,  thus  giving  to  the  bobbins  that  conical 
shape  which  has  enabled  the  spinner  to  dispense  with  flanged  bobbins 
and  making  every  layer  on  the  bobbin,  whether  first  or  last,  of 
approximately  equal  length. 

Operation  of  the  Slubbing  Frame.  —  Being  a  heavy  frame  and 
working  with  a  soft  material,  the  slubbing  frame  is  seldom  driven  at 
a  higher  speed  than  925  revolutions  of  the  driving  shaft  per  minute 
Taking  the  spindle  revolution  as  double  that  of  the  driving  shaft  and 
the  twist  at  one  turn  to  the  inch,  we  obtain  an  average  production 
of  about  1850  inches  per  minute,  less  waste.  This  is  only  an  approxi- 
mate and  rough  gauge ;  to  attempt  an  accurate  calculation  is  im- 
possible in  this  work,  the  varied  conditions  involving  elaborate  tables 
of  a  kind  utterly  uninteresting  to  all  save  the  very  expert  student. 
The  amount  of  twist  to  be  put  on  the  sliver  should  be  strictly  limited, 
on  the  slubbing  frame,  to  that  required  to  impart  such  strength  as  will 
allow  the  sliver  to  be  drawn  from  the  bobbins  on  the  next  frame 
without  breaking.  The  grade  of  the  cotton  largely  determines  this. 
Fine  cottons  require  less  twist  than  cottons  of  coarse  quality. 

Intermediate  Frames. — Having  passed  through  the  slubbing  frame, 
the  cotton  sliver  is  reduced  in  thickness  and  wound  on  bobbins.  Both 
facts  involve  change  in  the  frame  (fig.  118)  now  called  upon  to  treat 
the  slivers  further.  On  the  head  of  the  frame  a  creel  for  the  bobbins 
must  be  provided.  Placed  above  or  behind  the  drawing  rollers,  the 
creel  is  a  shelf,  the  length  of  the  frame,  studded  with  as  many  pegs 
as  there  are  spindles  on  the  frame.  If,  as  is  often  the  case  with 
the  intermediate  frame,  the  slivers  or  slubbings  are  to  be  doubled, 
then  double  the   number   of  pegs  are   needed   on  the  creel,  the   pegs 
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being  placed  so  that  the  second  row  comes  in  the  centre  of  the 
spaces  between  the  pegs  of  the  front  row.  The  pegs  should  be 
straight  and  firm,  with  a  smooth  base,  so  as  to  offer  no  resistance  to 
the  revolution  of  the  bobbins. 

Because   the    slubbings    are    contained    in    the    bobbins,    another 
change   is  made  on  the  frame.     The  function   of  the  back  rollers  on 


Fig.  ii8. — Cotton  Intermediate  Frame 

the  drawing  frames  and  the  guide  on  the  slubber  is  chiefly  to  feed 
the  drawing  rollers  in  a  regulated  manner.  With  the  introduction  of 
the  bobbins  the  need  for  such  appliances  has  disappeared,  and  conse- 
quently the  intermediate  frame  has  only  three  pairs  of  drawing  rollers. 
Two  reasons  are  given  for  doubling  on  the  intermediate  frame. 
One  is  that  the  slubbing  is  too  weak  to  stand  the  necessary  draft 
which  should  be  on  the  intermediate  frame,  if  it  is  to  be  of  any 
use.  The  other  is  that  some  small  proportion  of  inequality  still 
remains  among  the  slivers,  and  doubling  is  needed  to  make  sure  that 
no  inequality  goes  forward  to  the  roving  frames.     One  danger  arises 
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from  doubling  which  is  not  always  so  well  provided  against  as  it  is 
on  the  drawing  frames,  and  that  is  singling.  A  number  of  stop 
motions  have  been  devised,  but  none  for  single  prevention  has  met 
with  general  acceptance.  The  position  of  the  creel,  however,  and 
the  great  difference  which  one  sliver  out  of  two  makes  in  the  appear- 
ance of  the  sliver  passing  through,  enable  the  operator  to  detect  the 
fault  without  much  difficulty, 

Two  forms  of  stop  motion  are  commonly  employed,   the  one  for 


Fig.  119. — Cotton  Intermediate  Frame:  Back  View 


automatically  stopping  the  frame  when  the  bobbins  are  filled,  and 
the  other  the  stop-and-lock  motion,  arranged  to  stop  the  frame  when 
any  desired  length  of  cotton  has  been  wound  on  the  bobbins,  and 
to  prevent  the  restarting  of  the  frame  till  the  cone  strap  has  been 
wound  back. 

The  first  is  called  the  knocking-off  motion.  A  rod  extends  in 
close  proximity  to  the  driving  cone,  on  one  side  of  it  a  spring.  As 
the  belt  comes  up  to  the  end  of  the  cone  it  presses  against  this  rod,, 
overcoming  the  resistance  of  the  spring  which  holds  it  in  place. 
When  pressed,  the  rod  comes  against  the  projection  of  a  lever  con- 
nected with  the  fork  over  the  driving  pulley  and  knocks  off  the  belt, 
stopping  the  frame. 
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As  the  sliver  of  the  intermediate  frame  is  thickened  by  doubling-, 
the  size  of  the  spindles  and  bobbins  is  not  greatly  different  from 
those  on  the  slabbing  frame.  The  bobbins  range  in  size  from  8  to 
ID  in.  long,  and  when  full  measure  from  4  to  5^  in.  in  diameter. 
On  the  average  intermediate  frame  the  number  of  spindles  is  eighty. 

Roving  Frames. — Spinners  of  cotton  counts  up  to  160  s  consider 
the  roving  the  last  preparatory  frame.  By  far  the  greater  number 
of  manufacturers  never  produce  higher  counts  than  60  s.  In  the 
minds  of  the  majority  of  cotton  spinners,  therefore,  the  roving  is 
the  yarn  which  is  put  on  the  spinning  frames.  Fine  spinners  have 
found  it  to  be  of  advantage  to  bring  in  another  and  finer  frame, 
named  the  jack  frame;  but  roving  is  the  general  term  for  all  kinds 
of  prepared  yarn  after  it  has  ceased  to  be  called  a  sliver. 

Roving  frames  are  much  finer  than  the  two  preceding,  but  in 
general  structure  they  are  similar  to  the  intermediate  frames.  That 
is  to  say,  the  roving  differs  only  from  the  slubbing  frame  in  having 
a  bobbin  creel.  The  adjustments  of  flyers,  spindles,  differential  and 
lifting  motions,  are  very  exact,  involving  the  finest  workmanship  by 
the  mechanic  and  mill  engineer. 

Long  roving  frames  carry  140  spindles,  and  the  bobbins  are  com- 
monly 5  in.  long,  with  a  diameter  when  full  of  about  3  in.  Some 
makers  recommend  bobbins  6  in.  long  for  the  finest  roving  frames, 
and  a  lift  corresponding.  For  quick  production  the  longer  bobbins 
are  certainly  an  advantage.  When  the  roving  frame  is  the  last  of 
the  drawing -and -twisting  series,  and  counts  above  40  s  are  to  be 
spun,  a  draft  of  about  6 — i  must  be  put  on  and  at  least  three  turns 
of  twist  to  the  inch  delivered.  Because  of  its  peculiar  position  in 
the  series,  this  machine  is  required  to  deal  with  a  much  wider  variety 
of  work  than  either  the  slubbing  or  the  intermediate  frame.  The 
variations  also  affect  the  operation  of  the  frame  to  a  greater  degree. 
On  the  upper  section  of  the  frame,  for  instance,  the  coarser  the  hank 
of  roving  desired,  the  swifter  the  production  and  the  shorter  the 
draft  of  the  drawing  rollers.  This  takes  place  on  all  drawing  frames, 
but  the  difference  on  the  roving  frame  is  specially  marked  because 
the  area  of  the  thread  is  so  much  less  while  the  differences  are  much 
more  numerous,  the  grading  of  the  rovings  being  so  much  closer. 

Another  consequence,  or  series  of  consequences,  follows.  A  thick 
roving  fills  up  the  bobbins  quicker  than  a  fine  one;  this  involves 
acceleration  in  the  speed  of  the  spindles,  because  the  bobbins  take 
on  so  much  more  roving  with  every  revolution,  and  acceleration   in 
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the  speed  of  the  vertical  lift  of  the  bobbin  carriage,  because  fewer 
coils  are  contained  in  the  length  of  the  bobbin.  Other  things  being 
equal,  the  finer  the  roving  and  the  greater  the  draft,  the  slower  the 
rate  of  the  roving  frame.  Speeding  up  of  the  whole  machine  may 
be  resorted  to  if  rapid  production  is  wanted. 

Jack  Frames. — Like  the  cotton-combing  machine,  the  jack  frame 
has  been  brought  into  the  cotton  factory  to  supply  the  constantly 
increasing  demand  for  fine  yarns  by  the  weavers  of  light  fabrics  and 
laces,  and  by  machine-sewing  thread  manufacturers.  It  is  practically 
little  more  than  a  fine  roving  frame.  The  bobbins,  spindles,  and 
flyers  are  smaller,  and  all  the  parts  are  on  a  finer  scale.  Strengthened 
by  the  twist  on  the  roving  frame,  the  thread  is  fairly  able  to  stand 
a  considerable  draft;  but  the  amount  of  draft  depends  mostly  on 
the  system  of  spinning  adopted  in  the  factory. 

Problems  Involved  in  Working  the  Drawing  and  Twisting  or 
Speed  Frames. — The  inventor  and  the  engineer  have  combined  to 
produce  a  series  of  speed  frames,  the  performances  of  which  border 
on  the  wonderful.  But  they  have  not  done  everything;  the  spinner 
has  still  much  work  to  do.  Looking  at  a  roving  frame  working, 
one  may  well  marvel  at  the  smoothness  and  rapidity  with  which  it 
carries  through  a  complexity  of  operations.  From  the  creel  the 
rovings  run  in  between  the  drawing  rollers,  emerging  at  the  front 
pair  of  rollers  finer  and  slenderer,  to  enter  the  heads  of  the  flyers 
which  twist  them  into  roundness.  Coming  from  the  point  of  the 
fingerlike  presser  on  the  foot  of  the  whirling  flyer,  the  roving  is 
wound  on  the  bobbin.  The  bobbins  move  slowly  upwards  on  the 
spindle,  being  borne  by  the  lifting  carriage;  at  the  end  of  the 
appointed  traverse  the  carriage  slowly  descends  again,  the  bobbins 
increasing  speed  and  winding  on  the  thread  delivered  by  the  flyers. 
All  this  seems  very  easy,  but  the  very  perfection  of  the  many  adjust- 
ments imposes  onerous  duties  on  the  operator. 

There  is  no  elasticity  in  a  speed  frame.  Every  part  is  rigid  and 
performs  exactly  the  function  for  which  it  has  been  made  in  the 
manner  set.  From  the  very  beginning  the  operator  takes  into  account 
every  factor  and  part  in  the  machine,  the  draft  required,  and  the 
weight  of  roving  to  be  produced,  and  adjusts  each  detail  accordingly. 
In  the  early  days  of  the  spinning  trade  the  spinner  was  compelled 
to  guess  at  many  things,  but  the  accumulated  experience  of  three 
or  four  generations  of  skilled  observers  has  gradually  been  crystallized 
into  clear  and  definite  formulae.      We  can   hardly  undertake  to  give 
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all  the  formulag  governing  every  operation  on  each  of  the  speed  frames, 
but  those  involved  in  the  general  work  of  the  frames  are  simple  and 
may  be  readily  understood. 

Rules  for  Speed  Frames. — To  find — 

1.  Revolutions  of  the  driving  shaft.  Multiply  revolutions  of  the 
main  shaft  by  the  diameter  of  its  pulley,  and  divide  by  the  diameter 
of  the  pulley  on  the  frame. 

2.  Revolutions  of  the  spindles.  Multiply  the  revolutions  of  the 
driving  shaft  by  the  number  of  teeth  on  the  driving -shaft  wheel, 
and  by  number  of  teeth  on  skew-gear  wheel  on  spindle  shaft;  divide 
by  the  number  of  teeth  on  the  wheel  on  the  spindle  shaft  multiplied 
by  teeth  in  spindle  pinion. 

3.  Turns  of  spindle  for  one  of  driving  shaft.  Multiply  the  number 
of  teeth  on  the  wheel  on  the  driving  shaft  by  number  of  teeth  on 
skew-gear  wheel  of  spindle  shaft,  and  divide  by  the  number  of  teeth 
on  the  wheel  of  spindle  shaft  multiplied  by  teeth  in  spindle  pinion. 

4.  Revolutions  of  the  front  roller.  Multiply  the  revolutions  of  the 
driving  shaft  by  the  number  of  teeth  on  the  twist  wheel  and  wheel 
on  the  shaft  end  of  top  cone;  divide  by  the  number  of  teeth  on  the 
top  cone  wheel  multiplied  by  the  number  of  teeth  on  the  wheel  of 
the  front  roller. 

5.  Inches  delivered  by  the  front  roller  for  one  turn  of  the  driving 
shaft.  Multiply  the  number  of  teeth  on  the  twist  wheel,  the  number 
of  teeth  on  the  cone  shaft  end,  the  diameter  of  the  front  roller,  and 
3. 1416,  all  together;  divide  by  the  number  of  teeth  on  the  top  cone 
wheel  multiplied  by  the  number  of  teeth  on  the  wheel  of  the  front 
roller. 

6.  Turns  per  inch  of  slubhing  or  roving.  Divide  the  revolutions 
of  the  spindles  per  minute  by  the  inches  delivered  per  minute. 

7.  The  number  of  teeth  on  twist  -wheel  and  lifter  wheel.  Multiply 
the  square  root  of  the  counts  at  present  being  produced  with  the 
number  of  teeth  on  the  wheel  in  use;  divide  by  the  square  root  of 
the  counts  desired. 

8.  Number  of  teeth  on  the  draft  wheel.  Multiply  the  present  counts 
by  the  number  oF  teeth  on  the  draft  wheel  in  use;  divide  by  the  counts 
desired. 

9.  Number  of  teeth  on  ratchet  wheel.  Multiply  the  square  root  of 
the  required  counts  by  the  number  of  teeth  on  the  wheel  in  use;  divide 
by  the  square  root  of  the  present  counts. 

10.  Number  of  teeth  on  rack  wheel.      Multiply  the  square   root  of 
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required  counts  by  the  number  of  teeth  on  the  wheel  in  use;    divide 
by  the  square  root  of  present  counts. 

11.  Count  or  hank  roving.  The  dividend  for  i  yard  is  7000  grain*; 
divided  by  840  yards,  which  equals  8.33  or  8/j.  Therefore  multiply  8^- 
by  the  number  of  yards  wrapped ;  divide  by  the  weight  of  the  length 
wrapped  in  grains. 

12.  Weight  per  yard  of  roving  in  grains.  Divide  8.'.  by  the  count 
or  hank  roving. 

Worsted  Bobbin-and-Flyer  Frames. — The  cotton  factory  contains 
the  most  perfect  examples  of  spinning  machinery  in  existence.  For 
that  reason  we  regard  them  as  typical  of  all  the  rest.  No  matter 
what  fibre  he  undertakes  to  spin,  the  best  foundation  a  student  of 
textile  spinning  can  lay  for  himself  is  a  thorough  knowledge  of  cotton 
machinery. 

Worsted  spinning,  on  the  other  hand,  affords  a  good  training  in 
the  manipulation  of  textile  fibres.  Not  very  long  ago  the  drawing 
of  worsted  was  an  operation  in  which  skill  played  as  great  a  part 
as  machinery.  Machinists,  however,  have  gradually  improved  the 
machines,  and  now  the  workman  has  not  so  much  to  do.  A  large 
margin  still  remains  for  the  intelligence  of  the  operator  to  exercise 
itself  upon,  and  every  new  mixing  of  wool  brings  its  problems  with 
it  to  the  drawing  room. 

Two  distinct  kinds  of  frames  are  operated  in  what  is  called  the 
English  system  of  drawing.  We  speak  in  the  trade  of  open  draiving 
and  cone  drawing.  The  meaning  of  the  latter  term  explains  in  some 
measure  the  machine;  but  the  former  term  has  no  meaning,  except- 
ing a  technical  one,  derived  from  historical  causes.  In  practice  both 
terms  are  loosely  accepted  as  designations  for  either  the  machines 
or  the  systems  in  which  they  are  operated.  Open  drawing  frames 
are  those  in  which  bobbin  and  flyer  are  employed  without  any  govern- 
ing appliances  to  regulate  the  winding  on  of  the  sliver.  Cone  draw- 
ing frames  contain  a  pair  of  cones  or  cone  cylinders  which  control 
the  winding  on.  At  first  sight  the  difference  appears  small ;  but  it 
actually  cuts  so  deep  as  to  divide  the  English  system  of  drawing 
into  two  very  distinct  divisions. 

Open  Drawing. — Debarred  by  the  fine  nature  of  wool  from  applying 
drastic  measures  to  bring  the  fibres  into  a  perfectly  parallel  condition, 
worsted  spinners  have  been  compelled  to  adopt  a  series  of  operations 
and  machines.  The  system  of  open  drawing  consists  of  five  further 
operations  and  requires  five  machines.     The  sliver  is  passed  through 
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(i)  the  spindle  gill  box,  (2)  the  four-spindle  gill  box,  (3)  the  six-spindle 
weighing  box,  (4)  the  six-spindle  finishing  box,  (5)  the  "dandy" 
roving  box. 

As  we  have  premised,  some  variation  is  allowed  on  this  system. 
The  kind  and  class  of  wool  must  be  taken  into  account;  but  these 
possibilities  will  be  more  readily  understood  and  appreciated  after 
the  system  has  been  thoroughly  explained. 

Open  Drawing  Frames. — Taking  what  has  been  variously  named 
the  second  gilling  frame,  the  spindle  gill  box,  and  so  on,  the  first  of 
the  bobbin-and-fly  frames,  we  note  that  the  upper  half  of  the  machine 
differs  in  no  way  from  any  other  gill  box.  There  are  the  pairs  of 
drawing  rollers,  feed  guides,  and  other  appliances;  but  on  the  front 
of  the  machine  we  find  the  new  appliances  which  introduce  change 
and  bring  us  a  stage  nearer  the  end  of  the  drawing  process.  Tall 
spindles  come  up  from  near  the  floor,  crowned  with  large  flyers. 
The  spindles  pass  through  a  rail  set  horizontally  across  the  frame, 
and  long  bobbins  sit  on  the  rail,  sleeved  through  the  spindles.  The 
span  of  the  flyers  is  very  wide,  measuring  about  13  in.,  and  the 
bobbins  are  14  in.  high.  On  the  lower  ends  of  the  spindles  pinions 
fit  into  bevel  wheels  on  a  horizontal  shaft,  with  wheels  on  its  end 
connected  with  the  drive.     But  the  bobbins  have  no  driving  apparatus. 

The  "Drag"  Winding -on  Motion. — The  special  feature  of  the 
open  drawing  frame  is  the  '*drag"  winding-on  motion.  We  there- 
fore take  in  hand  the  analysis  of  the  motion,  once  for  all,  at  this 
point.  By  the  method  to  be  analysed,  the  sliver  is  carried  down 
from  the  delivering  rollers,  through  the  fork  of  the  flyer,  on  to  the 
bobbin,  and  is  twisted  by  the  spindle  and  flyer  on  the  way.  The 
primary  function  of  the  spindle  is  to  twist  the  sliver.  With  this 
premise,  we  quote  the  very  lucid  description  of  the  operation  given 
by  an  early  writer  on  the  subject: 

"From  the  position  of  the  bobbin  upon  the  axis  of  the  spindle, 
it  is  obvious  that  every  revolution  of  the  spindle,  or  delivering  arm 
of  the  flyer,  round  the  bobbin,  supposed  at  rest,  or  ahead  of  it  sup- 
posed in  motion,  will  wmd  up  a  length  of  sliver  equal  to  the  deter- 
minate periphery  of  the  bobbin,  the  end  of  the  sliver  being  previously 
attached  to  it.  But  as  the  number  of  revolutions  of  the  spindle 
requisite  to  give  the  desired  degree  of  twist  has  no  necessary  con- 
nection with,  but  may,  in  fact,  greatly  exceed  the  number  of  turns 
required  to  wind  up  the  length  of  sliver  delivered  by  the  front  rollers, 
it  follows   that,   unless   some  scheme   be  contrived   for   lessening   the 
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number  of  revolutions  of  the  flyer  round  the  bobbin,  the  sliver  will 
be  coiled  up  too  fast,  and  will  be  infallibly  stretched  and  broken. 
This  scheme  cannot  consist  in  reducing  the  number  of  revolutions 
of  the  flyer,  for  these  must  be  proportioned  to  the  required  degree 
of  torsion,  but  in  making  the  bobbin  revolve  in  the  same  direction 
with  the  spindle,  but  at  a  speed  so  much  less  than  it  as  to  cause 
the  circumference  of  the  bobbin  to  fall  behind  the  delivering  arm 
of  the  flyer,  so  that  the  difference  of  their  velocities  shall  equal  the 
rate  at  which  the  sliver  issues  from  the  front  roller  (fig.  120).  Thus, 
if  a  given  length  of  sliver,  equal,  for  instance,  to  the  periphery  of 
the  front  rollers,  or  4  in.,  be  equal  also  to  one  circumference  of  the 
bobbin  at  a  certain  stage  of  its  increase,  then,  to  wind  up  this  length, 
the  arm  of  the  flyer  must  revolve  several  times  about  the  bobbin  till 
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Fig.  120. — Winding-on  Motion 

Diagram  showing  the  winding  of  the  bobbin  to  be  due  to  the  more  rapid  revolution  of  the  flyer.     The  figures 
represent  one  complete  revolution  of  the  flyer,  during  which  the  bobbin  has  revolved  from  A  to  B. 

it  has  got  ahead  of  its  surface  rotation  by  4  in. ;  and  this  may  be 
effected  by  making  the  spindle  turn  once  round  while  the  bobbin 
stands  still,  or  by  making  the  bobbin  revolve  one  turn  less  than 
the  spindle,  whatever  be  the  speed  of  the  spindle.  If  the  spindle, 
for  example,  makes  ten  turns  while  the  above  4  in.  are  given  out  by 
the  rollers,  then  the  bobbin  will  require  to  make  nine  turns;  or,  if 
the  spindle  makes  twenty  turns,  then  the  bobbin  will  require  to  make 
nineteen.  The  same  result  will  be  produced  whatever  be  the  speed 
of  the  spindle,  provided  the  difference  between  the  circular  space 
percurred  by  the  spindle  and  the  bobbin  in  the  given  time  remains 
4  in.  This  difference,  which  represents  the  requisite  winding-on 
motion,  is,  therefore,  dependent  jointly  upon  the  speed  of  the  front 
roller,  or  the  delivering  motion,  and  upon  the  size  of  the  circumference 
of  the  bobbin  at  the  particular  stage  of  the  winding  on,  and  is  quite 
independent  of  the  twist  or  the  velocity  of  the  spindle. 

"  While  the  circumference  of  the  bobbin   is  equal   to  that  of  the 
front  roller,   during  the  time  of  every  turn  of  the  latter  the   bobbin 
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must  make  one  turn  less  than  the  spindle,  in  order  that  it  may  take 
up  the  sliver  which  has  been  simultaneously  given  out.  Thus,  if 
the  spindle  makes  six  turns  for  one  turn  of  the  roller,  the  bobbin 
must,  in  the  same  time,  make  five  turns.  But  we  must  remember 
that  the  bobbin  is  perpetually  increasing  in  size,  so  that,  by  every 
successive  layer  of  the  tender,  spongy  cord,  its  motion  requires  to 
be  quickened,  or  else  it  would  take  up  too  fast  by  its  enlarged  surface, 
so  that  the  difference  between  its  rotatory  motion  and  that  of  the 
spindle  shall  become  less.  When  the  bobbin,  for  instance,  is  twice 
the  diameter  of  the  roller,  its  speed  would  require  to  be  five  and  a 
half,  while  the  spindle  makes  six  turns,  because  one-half  the  circum- 
ference of  the  bobbin  now  is  equal  to  the  whole  of  it  when  empty, 
and  to  the  whole  surface  motion  of  the  roller." 

On  the  open  drawing  frame,  as  we  have  said,  the  bobbin  has  no 
motion  of  its  own;  but  it  is  obvious  from  the  foregoing  that  if  to  a 
bobbin  freely  running  and  loose  on  the  spindle  the  sliver  be  attached, 
it  will  naturally  fall  back  behind  the  revolution  of  the  flyer  according 
to  the  length  of  sliver  paid  out  from  the  leg  of  the  flyer.  Several 
conditions,  however,  are  necessary  to  this  result.  The  drag  of  the 
bobbin  must,  in  the  first  place,  be  such  as  will  resist  the  weight  of 
the  sliver;  the  sliver,  on  the  other  hand,  must  be  of  such  consistency 
as  to  stand  the  drag  necessary.  A  bobbin  too  light,  or  without  some 
dragging  force,  would  simply  be  whirled  round  with  the  flyer.  To 
obviate  this  chance  a  pad  or  washer  of  rough  cloth  or  leather  is  put 
under  the  bottom  of  the  bobbin  to  give  a  certain  pull  to  begin  with. 
Some  judgment  is  needed  in  proportioning  the  roughness  of  the 
washers  to  the  weight  of  the  sliver  and  the  relative  speeds  of  the 
flyer  and  bobbin.  Where  little  twist  is  to  be  put  on  the  sliver,  the 
speed  of  the  bobbin  is  nearer  to  that  of  the  flyer,  and  therefore  the 
stronger  the  drag. 

Another  question  arises.  Granted  that  a  start  has  been  made 
and  that  the  bobbin  has  begun  to  wind  on  the  sliver  at  the  rate 
desired,  what  happens  when  the  circumference  of  the  bobbin  has 
been  increased?  The  bobbin  must  develop  a  higher  speed,  and  the 
problem  is  to  find  where  the  higher  rate  of  revolution  is  to  come 
from.  According  to  the  principle  of  the  open  drawing  frame,  the 
very  thing  that  makes  the  need  for  swifter  revolution  may  be  relied 
upon  to  cause  it.  If  the  circumference  of  the  bobbin  grows,  so  does  its 
weight  in  equal  ratio.  The  added  weight  causes  stronger  drag  on  the 
flyer  and  therefore  increases  the  speed  of  the  revolution  of  the  bobbin. 
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For  a  delicate  and  slender  sliver  the  open  drawing  frame  has 
obvious  defects.  Between  the  arm  of  the  flyer  and  the  bobbin,  at 
the  start  especially,  a  wide  space  intervenes.  If  there  were  no  tension 
upon  the  sliver  at  that  point,  the  gap  would  matter  nothing;  but  the 
length  of  the  staple  must  at  least  be  sufficient  to  bridge  over  the 
space,  because  of  the  tension  between  the  bobbin  and  the  flyer. 
Moreover,  at  this  early  stage  in  the  drawing  and  twisting  process 
the  weight  to  length  of  every  sliver  has  not  been  fully  determined 
and  uniform,  and  one  sliver  may  be  too  heavy  in  its  drag  while 
another  may  be  too  light.  On  the  whole,  the  open  drawing  frame 
can  hardly  be  depended  on  except  for  slivers  of  very  long  wools 
and  of  coarse  quality.  In  the  hands  of  skilled  workmen  the  frames 
do  produce  good  results  at  comparatively  low  cost.  By  careful  use 
of  the  dragging  washers  and  skilful  adjustments  of  all  the  parts  of 
the  frames  some  of  the  older  generation  of  operatives  have  made 
yarn  comparable  in  every  respect  with  the  best  products  of  machines 
built  on  more  scientific  principles ;  but  the  whole  policy  of  present-day 
industry  is  against  dependence  upon,  and  development  of,  such  skill. 

Lifter  Rail. — Across  the  front  of  the  drawing  box,  supporting  the 
bobbins,  is  what  is  called  the  lifter  plate  or  lifter  rail.  To  distribute 
the  delivered  sliver  evenly  over  it  the  bobbin  must  be  carried  up 
and  down  on  the  spindle.  This  is  done  by  the  lifter  plate  on  which 
the  bobbin  sits.  Having  no  differential  motion,  the  lifter  plate  moves 
up  and  down  at  the  same  rate  whether  the  bobbin  is  full  or  empty. 
It  is  obvious  that  no  other  arrangement  is  possible.  Until  it  actually 
occurs,  the  drag  of  the  weight  of  the  yarn  is  an  unknown  quantity; 
no  calculation,  therefore,  can  be  made  of  the  gradual  quickening  of 
speed  or  the  ratio  of  thickening  of  the  circumference  of  the  bobbin. 
The  effect  is  not  ideal,  the  bobbin  being  unsymmetrical. 

Working-  the  Spindle  Gill  Box. — It  cannot  be  too  clearly  under- 
stood that  the  worsted -drawing  boxes  are  tools  to  be  intelligently 
operated,  not  automatic  machines.  The  length  and  thickness  of  the 
wool,  its  coarseness  or  fineness,  decide  what  number  of  slivers  are 
to  be  doubled  at  every  gill  box.  The  degree  of  draft  also  is  a  matter 
for  judgment  on  the  spot.     General  principles,  however,  are  observed. 

Though  a  thin  sliver  is  not  the  immediate  object  of  the  spindle 
gill  box,  it  is  well  to  keep  in  mind  the  fact  that  a  slender  roving  is 
ultimately  to  be  produced.  If  we  put  up  five  ends  to  each  spindle, 
and  work  the  gill  box  at  a  draft  of  6 — i,  a  sliver  one-sixth  the  less 
in   weight   than    the  single   sliver  fed  will    be  the  result.      Doubling 
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works  both  ways:  it  enables  us  to  put  on  a  long  draft,  because  the 
number  of  fibres  preserves  the  line  intact,  and  brings  uniformity 
by  the  combination  of  differences. 

On  this  machine  the  gills  are  not  allowed  to  take  much,  if  any, 
part  in  the  draft.  Here  the  little  combs  revert  to  their  original  function 
of  combing.  Given  that  the  back  rollers  deliver  to  them  a  doubled 
sliver  at  the  rate  of  600  in.  per  minute,  the  gills  traverse  the  distance 

between  the  back  and 
front  rollers  at  the  same 
rate.  Revolving  at  a 
surface  speed  six  times 
quicker  than  the  back 
rollers,  the  front  rollers 
swiftly  draw  the  sliver 


c.w. 
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Driving  Pulleys 

Fig.  121. — Four-spindle  Weigh-box,  with  twist  gearing 


through  the  teeth  of  the  gills,  combing  and  drawing  the  fibres  into 
even  and  parallel  lines. 

The  change  in  the  function  of  the  gills  has  inspired  an  improve- 
ment in  the  mechanism  of  the  gills  themselves.  Instead  of  the  screws 
and  the  faller  motion,  improved  gill  boxes  have  gill  carriages  which 
bear  the  slivers  across  the  traverse. 

Next,  the  sliver  passes  into  the  tube  of  the  flyer  arm.  As  we 
have  already  dealt  with  the  functions  of  bobbin  and  flyer  at  some 
length,  these  need  not  detain  us.  Having  been  drawn  out  and  very 
seriously  weakened,  the  sliver  is  given  a  small  twist  by  the  spindle  to 
strengthen  it.     Then  the  soft  rope  is  wound  on  to  bobbins  by  the  flyer. 

Four-spindle  Gill  Box.  —  When  we  come  to  this  operation  we 
once  more  encounter  the  confusing  variation  in  practice  which  is  a 
conspicuous  characteristic  of  worsted  drawing.     Some  manufacturers 
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altogether  discard  the  gills  after  the  spindle  gill  box,  but  others  con- 
tinue to  use  the  gills  on  carriages.  The  reason  for  laying  aside  the 
gills  is  cogent  enough.  We  have  put  a  certain  modicum  of  twist 
on  to  the  sliver,  and  if  we  use  gills  they  are  certain  to  comb  out  the 
twist.  While  practical  fact  sometimes  quite  transcends  logic,  the 
substitution  of  rollers  as  the  carrying  medium  between  the  back  and 
front  rollers  may  be  accepted  as  the  more  general  and  better  method. 
A  special  gearing  regulates  the  twist  (fig.  121)  on  the  slivers.  Because 
the  slivers  are  now  on  bobbins,  a  creel  is  required  at  the  back  of  this 
gill  box.  Four,  five,  or  six  ends  are  fed  into  the  back  rollers  from 
each  set  on  the  creel,  and,  being  united  on  the  back  rollers,  pass 
through  the  carriers  to  the  front  rollers,  issuing  thence  on  to  the  flyers, 
which  wind  the  reduced  slivers  on  to  the  bobbins. 

Six-spindle  Weighing  Box. — The  main  operations  on  this  box 
differ  in  no  way  from  those  of  the  previous  boxes;  but  closer  atten- 
tion is  now  given  to  both  the  weights  and  the  lengths  of  the  slivers. 
It  may  be  said  that  all  through  the  previous  operations  weight  to 
length  has  always  been  kept  in  view;  but  the  spinner  demands  more 
than  a  general  approximation  to  the  measurements  of  the  rovings 
supplied  to  him,  and  the  methods  of  accurate  gauging  devised  are 
generally  brought  into  operation  on  this  frame. 

Knocker-off  Motion.  — Several  ingenious  contrivances  have  been 
invented  for  measuring  the  length  of  sliver  given  off  from  the  frame; 
but  the  oldest  is  still  the  most  commonly  used  (fig.  122).  On  the  end 
of  the  front  roller  a  worm  wheel  is  fixed  to  work  into  the  teeth  of  a 
wheel  placed  in  contact;  from  this  wheel  another  worm  shaft  extends 
so  as  to  drive  a  second  wheel,  upon  the  axis  of  which  is  a  third 
called  the  change  wheel.  This  last  wheel  acts  upon  another  wheel  in 
direct  contact  with  a  slotted  lever  moving  on  a  stud,  and  swinging 
on  to  the  rod  of  the  strap  fork.  When  the  last-mentioned  lever  is 
moved  the  belt  is  thrown  off  the  driving  pulley  on  to  the  loose 
pulley.  Though  seemingly  complex,  the  modus  operandi  is  simple. 
The  pitch  of  the  worm  on  the  end  of  the  front  roller  is  such  that  at 
every  revolution  of  the  roller  it  moves  the  wheel  in  contact  by  one 
tooth.  Say  that  this  wheel  has  17  teeth  and  that  the  front  roller 
revolves  17  times  for  every  turn  of  the  wheel.  The  worm  from  the 
wheel  is  geared  into  another  wheel  which  has  60  teeth;  this  acts  on 
a  change  wheel  with  20  teeth,  which  again  moves  through  an  inter- 
mediate wheel  with  60  teeth,  whence  the  knocker-off  acts.  To  find 
out  the  length  of  sliver  passed  through  while  the  knocking-off  motion 
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is  slowly  coming  up  to  the  point  of  action,  we  have  to  multiply  all 
the  drivers  together,  and  all  the  driven  together,  and  to  divide  the 
driven  by  the  drivers.  The  two  worms  and  the  change  wheel  are 
the  drivers  in  this  case;  the  other  wheels  are  driven.  But  we  must 
also  take  into  account  the  front  roller,  which  is  also  driven.  Say 
that  the  roller  measures  5  in.,  and  we  obtain  the  following  sum: — 

17  X  60  X  60  X  6  X  3-14   =1306  yd. 
I  X  I  X  20  X  5 

Before  being  put  upon  the  spindles  all  the  bobbins  are  weighed 
and    the    slightest    variation    in    the    weights    of    any    detected    and 

Worm  Wheel  on 
Front  Roller  Shaft 


17  Teeth 


Change 
Wheel 


Fig.  122.— Knocker-off  Motion 

marked.  When  full,  the  bobbins  containing  exacdy  the  same  length 
of  sliver  are  again  weighed.  What  differences  there  may  be  between 
the  weights  are  noted.  The  differences  arise  solely  from  the  differences 
in  the  thickness  of  the  slivers.  To  eliminate  these  differences  the 
bobbins  are  grouped  for  the  next  operation  in  sets  the  combined 
weight  of  which  makes  up  the  average  weight  of  each. 

Finisher  Roving  Box. — On  this  box  the  drawer  generally  seeks 
to  reduce  considerably  the  thickness  of  the  sliver  and  puts  up  four 
ends  to  each  pair  of  rollers.  A  fine,  smooth  sliver  of  known  weight 
to  length  is  produced. 
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"Dandy"  Roving  Box. — On  the  last  of  the  series  of  open  drawing 
boxes  the  spindles,  flyers,  and  bobbins  are  finer  than  those  on  any 
of  the  foregoing  frames;  but  the  operation  of  the  drawing,  twisting, 
and  winding-on  appliances  is  just  the  same.  It  is  usual  to  put  up 
two  ends  together  on  the  "Dandy"  rover. 

Cone  Drawing. — In  our  era  of  mechanical  invention  the  discovery 
of  defect  in  any  important  machine  has  always  inspired  effort  after 
improvement.  The  tension  put  upon  the  sliver  by  the  drag  of  the 
bobbin   on   the  open  drawing   frame   is   admittedly  unsuited   for   soft 
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Fig.  123. — Cone  Drawing  Box:  Plan  of  Gearing 


and  delicate  work.  The  obvious  remedy  was  to  discard  the  drag 
motion  and  substitute  a  drive  on  the  bobbin.  But  on  the  open 
frame  the  bobbin  automatically  quickens  in  speed  as  its  circumfer- 
ence grows.  A  direct  drive  would  give  them  a  uniform  speed. 
Acting  on  the  well-known  principle  of  speed  variation  through  cone 
pulleys,  the  makers  of  the  worsted  drawing  boxes  put  in  a  pair  of 
cones  on  each  machine,  the  one  to  be  driven  and  the  other  to  drive. 
Within  the  machine  (fig.  123)  the  cone  pulleys  are  fixed  on  parallel 
axes,  the  one  above  the  other,  the  apex  of  the  upper  cone  being 
opposed  to  the  base  of  the  lower  cone.  A  belt  connects  the  two. 
Having  in  mind  the  fact  that  the  difference  of  the  diameters  of  two 
pulleys  connected  by  a  driving  belt  expresses  exactly  the  difference  of 
their  speeds,  we  see  that,  if  the  belt  starts  on  the  small  end  of  the 
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upper  cone  pulley  and  the  large  end  of  the  lower  one,  they  will  begin 
at  the  lowest  possible  rate  of  speed  for  driving  the  bobbins,  because 
they  are  driven  by  the  lower  pulley.  If  the  belt  is  gradually  moved 
along  the  cones,  the  difference  between  the  diameters  on  which  the 
belt  is  run  will  diminish.  At  the  very  centre  the  cones  are  equal, 
therefore  the  bobbins  will  revolve  at  exactly  the  same  speed  as  the 
upper  cone  pulley.  But  more  speed  is  required,  for  the  bobbins  in- 
crease still  in  circumference.  The  belt  continues  to  move  towards  the 
base  of  the  upper  cone  and  the  apex  of  the  cone  opposite,  changing 
the  ratios  of  speed  in  favour  of  the  latter  and  accelerating  the  revo- 
lutions of  the  bobbins.  The  upper  cone,  being  driven  from  the  main 
shaft,  runs  at  the  same  speed  all  the  time,  and  is  incapable  of  varia- 
tion ;  but  the  lower  cone,  deriving  its  motion  from  a  cone  pulley 
through  a  belt  always  moving  on  to  an  ever-increasing  diameter, 
must  increase  in  speed  of  revolution.  The  bobbins  receive  their 
motion  from  the  latter  and  obtain  the  accelerated  motion  required. 

Lifter  Plate. — Taking  advantage  of  the  added  power,  the  builders 
of  the  cone  drawing  machines  have  added  a  contrivance  for  shorten- 
ing the  traverse  of  the  lifter  plate  in  direct  ratio  to  the  changes  in 
the  speed  of  the  bobbins,  thus  equalizing  the  distribution  of  the  sliver 
on  the  bobbins. 

Cone  Drawing  Processes. — Whilst  the  cone  pulleys  may  be  em- 
ployed on  any  kind  of  frame  for  drawing  and  twisting  any  class  of 
wool,  it  is  generally  agreed  that  open  drawing  is  the  system  for  the 
long  and  strong  wools  and  cone  drawing  for  the  finer  and  shorter 
of  the  combing  wools.  At  any  rate  the  German  and  Botany  wools 
are  always  worked  on  the  cone  drawing  frames,  and  the  methods  of 
working  these  wools  exhibit  best  the  employment  of  those  machines. 

Omitting  the  first  operation,  which  is  a  pure  drawing  action,  we 
count  eight  operations  in  the  drawing  and  twisting  of  short  wools. 
I,  Two  two-spindle  gill  boxes;  2,  two  four-spindle  drawing  boxes; 
3,  six-spindle  weigh  box;  4,  eight-spindle  drawing  box;  5,  two  eight- 
spindle  drawing  boxes;  6,  two  eight-spindle  finishing  boxes;  7,  the 
reducers;    8,  thirty-spindle  roving  frames. 

The  bobbins  on  these  frames  are  successively  reduced  in  length 
and  diameter,  the  first  being  14  in.  high  and  9  in.  in  diameter  when 
full ;  the  last  being  5  in.  high  and  about  3  in.  diameter.  This 
reduction  in  size  of  bobbin  is  an  index  of  the  gradual  refinement 
of  the  thread.  When  it  comes  off  the  roving  frame,  the  sliver  has 
become  very  like  a  spun  thread. 


FLAX   DRAWING   FRAME 
(Combe,  Barbour,  &  Combe,  Ltd.,  Belfast) 


FLAX    ROVING   FRAME 
(Combe,  Barbour,  &  Combe,  Ltd.,  Belfast) 
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Drawing  and  Twisting  Flax. — Being  firm  of  body  and  flexible, 
long  vegetable  fibres  strongly  resist  twist;  the  force  of  the  twine 
necessary  to  make  the  twist  renders  further  elongation  of  the  sliver 
difficult.  For  that  reason  the  twisting  of  flax  is  delayed  till  the  very 
last  moment.  On  the  first,  second,  third,  and  fourth  drawing  frames 
the  sliver  is  elongated  to  the  utmost.  When  it  comes  to  the  last 
sliver-preparing  machine,  known  as  the  roving  frame,  the  flax  has 
been  reduced  to  a  fine  state.  By  repeated  doubling  the  sliver  has 
been  kept  intact;  but  the  draft  on  the  machines  has  always  more 
than  counteracted  the  doubling,  because  a  fine,  thin  sliver  is  also 
needed.  As  it  is  put  upon  the  roving  frame  the  sliver  is  in  a  con- 
dition which  permits  of  no  more  drawing  than  the  frame  puts  on. 
Issuing  from  the  front  rollers  of  the  roving  frame  the  line  has 
reached  the  limit  of  fragility.  Some  twist  on  the  yarn  is  impera- 
tively required ;  we  shall  see  how  the  demand  has  been  satisfied. 

Flax-roving  Frames. — Before  the  invention  of  the  differentiating 
winding-on  apparatus  attached  to  the  bobbin  and  flyer,  flax  spinning 
by  machinery  was  seriously  restricted.  The  tension  of  the  "drag" 
motion  required  a  sliver  of  some  thickness;  twisted  in  such  bulk,  the 
roving  was  spun  with  difficulty.  By  passing  the  rovings  through 
water  on  the  spinning  frames,  and  other  devices  to  be  noted  in  place, 
the  difficulty  was  obviated  in  a  large  degree;  but  the  differential  motion 
added  largely  to  the  resources  of  the  flax  spinner.  To  obtain  a  fine 
thread  a  fine  roving  was  necessary.  With  a  machine  which  would 
twist  and  wind  the  roving  on  to  the  bobbins  without  tension  very 
light  rovings  could  be  made. 

Differential  Motions. — On  most  of  the  flax-drawing  frames  now  in 
use  the  cone  pulley  and  equational  box  gear  have  been  adopted.  If 
operated  with  due  care  this  apparatus  gives  the  best  results.  The 
bobbin  can  be  driven  to  follow  the  flyer  or  precede  it,  as  desired. 
Decrease  of  speed  on  the  bobbins  can  be  obtained  by  starting  the 
belt  on  the  base  of  the  upper  cone  and  gradually  bringing  it  towards 
its  apex.  In  this  chapter  we  have  exhaustively  examined  the  cone- 
pulley  arrangement,  and  repetition  is  unnecessary. 

A  differential  driving  gear  of  considerable  interest,  however,  was 
utilized  on  the  flax  and  jute  roving  frames  before  the  cones  were 
adopted.  It  is  still  used  in  various  forms,  of  which  the  "disc- 
regulating motion"  (fig.  124)  is  one.  A  pair  of  flat  discs  rotating 
in  opposite  directions  hold  firmly  between  them  a  solid  pulley  or 
bowl   and   cause   it   to  revolve   by  friction.      The  discs  are   fixed   on 
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vertical  shafts,  the  shaft  of  the  lower  disc  being  contained  in  the 
shaft  of  the  upper  one.  On  the  ends  of  both  shafts  are  pinions, 
which,  fitting  into  opposite  sides  of  a  horizontal  bevel  wheel,  are 
driven  in  contrary  directions,  though  on  the  same  axis.  To  increase 
the  friction  and  lessen  the  grinding  wear  of  the  discs  the  bowl  is 
covered  with  leather.  By  its  revolutions  the  bowl  drives  the  bobbins. 
If  the  bowl  pulley  starts  near  the  centre  of  the  two  discs  and  moves 


Fig.  124. — Disc-regulating  Motion  for  Roving  Frames  (Fairbaiin  Macpherson) 

A,  Sliding-rod  actuated  by  the  lever  B  and  scroll  c,  and  carrying  a  friction  bowl  D,  slidinsj  upon  a  feather  on 
the  rod  A,  and  driving  the  differential  gearing  as  shown.  E,  F  are  discs,  the  lower  one  keyed  to  the  vertical 
shaft  G,  and  the  upper  one  to  a  sleeve  H.  G  projects  through  H,  and  carries  a  bevel-wheel  j  ;  both  G  and  j  are 
driven  from  the  twist-wheel  through  the  bevel-wheel  K. 


out  towards  the  circumference,  its  rate  of  revolution  must  increase, 
because  it  is  actuated  by  the  larger  surface  in  the  same  space  of 
time.  This  change  of  position  on  the  part  of  the  pulley  is  brought 
about  by  another  contrivance  which  unifies  the  action  of  the  whole 
winding-on  apparatus.  A  shaft  comes  from  the  centre  of  the  bowl, 
and  is  held  in  position  by  a  catch  inserted  in  a  series  of  slots.  From 
the  lifter  plate  comes  a  projection  which,  at  the  end  of  each  up  or 
down  traverse,  lifts  the  catch  and  causes  the  shaft  to  move  forward, 
drawing  the  bowl  farther  out  towards  the  circumference  of  the  discs, 
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and  therefore  accelerating  the  drive  of  the  bobbins,  which  are  driven 
by  its  motion. 

If  the  bobbin  is  to  lead  the  flyer  and  start  at  its  highest  speed, 
the  bowl  is  adjusted  on  the  circumference  of  the  discs  and  is  driven 
inwards  toward  the  centre  with  every  successive  traverse  of  the  lifter 
plate. 

Structure  and  Operation  of  the  Frames. — On  the  flax- roving 
frames  the  rollers  are  smaller  and  the  faller  gills  more  closely  set 
than  on  the  simpler  drawing  frames.  The  flyers  and  bobbins,  with 
differential  and  other  gearings,  impart  to  it  quite  a  different  aspect. 
In  essential  operations,  however,  it  is  just  a  finer  model  of  the  same 
mechanism. 

Knocker-off,  stop  motions,  and  other  appliances  of  that  kind  have 
been  added  to  the  more  recent  flax-roving  frames,  with  some  improve- 
ment not  only  in  the  working  but  also  in  the  fineness  of  the  product. 
Though  the  old  hand-spinners  were  able  by  long  and  patient  labour 
to  make  threads  of  marvellous  fineness  and  quality,  and  though  the 
earlier  products  of  machinery  were  commendable  only  for  their  cheap- 
ness, the  newer  machines  at  work  in  the  present  day  can  produce  linen 
yarns  which  would  challenge  comparison  with  the  finest  products  of 
the  human  hand. 

There  is  no  doubling  on  the  roving  frames.  The  sliver  cans  are 
ranged  in  a  single  row  along  the  back  of  the  machine,  the  slivers 
are  fed  singly  into  the  back  rollers,  are  borne  along  by  the  faller 
gills  to  the  front  rollers,  and  pass  singly  into  the  caps  on  the 
spindles,  which  twist,  and  into  the  tubes  of  the  flyers  which  wind 
them  on  to  the  bobbins. 

Hemp  Rovings. — When  they  are  taken  from  the  last  of  the  drawing 
frames,  hemp  slivers  are  carried  in  cans  to  the  back  of  the  roving 
frames,  which  differ  from  those  preceding  only  in  the  possession  of 
flyers  and  bobbins.  Hemp  is  wound  on  to  the  bobbins  on  the 
"drag"  principle.  The  sliver  is  sufficiently  strong  to  stand  the 
tensile  strain,  especially  with  the  addition  of  the  twist  given  by  the 
spindle,  and  the  increasing  weight  of  the  bobbin  is  quite  enough  to 
supply  the  necessary  drag  for  quickening  as  the  bobbins  fill. 

The  degree  of  twist  imparted  to  the  slivers  varies  very  much. 
Most  of  the  hemp  rovings  go  to  make  twines  and  ropes.  It  is  very 
important  to  keep  careful  account  of  all  the  turns  which  have  been 
put  into  the  constituent  fibres  of  both  twines  and  ropes,  because 
the  whole  structure  of  both  is  founded  on  twist. 
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Jute  Roving. — In  essential  particulars  the  jute-roving  frame  is 
exactly  the  same  as  that  employed  in  flax  roving.  Instead  of  the 
feed  pulleys  on  the  latter  we  have  the  retaining  rollers  at  the  back 
of  the  jute  frame,  and  all  the  parts  are  larger.  The  disc-regulating 
motion  (fig.  124)  is  more  frequently  used  on  the  jute  frame  for  winding 
on  than  the  cone  pulley;  but  there  are  the  faller  gills,  the  drawing 
rollers,  the  flyers,   bobbins,  and  other  gears  just  the  same. 

As  may  be  inferred  from  the  size  of  the  fibre,  the  draft  on  the  jute- 
roving  frame  is  very  long.  From  a  sliver  giving  45  yd.  to  the  pound 
the  roving  frame  takes  a  roving  giving  over  350  yd.  This  practically 
means  a  draft  of  8 — i.  On  the  lower  grades  of  fibres  the  draft  is  even 
greater,  the  roving  frame  being  employed  as  the  last  and  spinning 
frame.  Of  course,  in  this  case  the  twist  is  greatly  increased.  We 
think  the  economy  effected  by  dispensing  with  one  operation  is  al- 
most counterbalanced  by  the  additional  wear  and  tear  on  the  roving 
frames  and  the  much  better  results  to  be  obtained  from  passing  the 
roving  through  the  spinning  frame.  To  put  the  required  twist  on 
the  sliver  imposes  a  necessity  for  enormously  increased  speed  on  the 
spindles  and  flyers.  For  an  ordinary  roving  given  two  turns  to  the 
inch,  with  a  delivery  of  500  in.  per  minute,  the  flyers  run  at  the 
rate  of  1000  turns  per  minute.  Double  the  twist,  and  you  require 
a  rate  of  speed  unsafe  on  such  a  large  frame. 

Waste-silk  Roving. — Having  been  drawn  and  condensed,  the  waste- 
silk  sliver  is  put  on  a  roving  frame  (fig.  125).  Excepting  that  the 
rollers  are  larger,  this  might  easily  be  taken  for  a  worsted-roving 
frame.  Draft  on  the  roving  frame  varies  considerably.  Waste  silk  is 
very  largely  consumed  in  the  making  of  cords,  bands,  and  upholstery 
trimmings,  which  do  not  require  a  finely  spun  thread.  If  the  silk 
is  intended  for  weaving  yarns,  the  draft  on  the  roving  frame  must 
be  very  severe,  amounting  to  12 — i.  Possessing  a  certain  consis- 
tency from  the  condensing,  the  yarn  can  stand  a  fairly  long  draft. 
On  the  other  hand,  if  the  spinning  frame  is  to  be  afforded  a  chance 
of  making  a  fine  thread  a  much  finer  yarn  must  be  supplied  to  it 
than  comes  off  the  condensing  frame. 

The  slivers  are  ranged  in  cans  behind  the  frame,  and  carried  up  on 
to  the  level  of  the  rollers  by  a  guide  plate.  Passed  in  between  the 
back  rollers,  the  silk  is  carried  forward  to  the  front  rollers  on  a  set 
of  intermediate  gills  and  drawn  firmly  by  the  front  rollers.  When 
delivered,  the  slivers,  if  intended  for  weft,  are  very  fine  and  thin. 
In   order   to   obviate   all    risk   of  strain,   the    bobbins   as   well   as  the 
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spindles  and  flyers  are  driven.  Twist,  amounting  to  about  two  turns 
to  the  inch,  is  imparted  by  the  spindles  and  the  rovings  are  wound 
on  to  the  bobbins  by  the  flyers.  In  this  condition  the  waste  silk  is 
ready  for  spinning. 

As  we  have  more  than  hinted,  there  are  other  methods  of  working 


Fig.  125. — Waste-silk  Roving  Frame  (Greenwood  and  Batley) 

up  the  waste  silk.  No  fibre,  indeed,  has  been  so  variously  treated; 
but  the  method  described  has  been  found  to  give  good  results.  Waste 
silk  will  spin  on  almost  any  frame  or  any  system,  if  its  length  and 
character  are  allowed  for;  but  if  the  essential  qualities  of  the  silk  are 
to  be  fully  utilized  and  its  lustre  and  fineness  brought  out  to  advantage, 
careful  treatment  in  the  preparatory  processes  is  necessary. 
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Particulars  of  Bobbin  and  Flyer  Frames 


Cotton-slubbijig  Frame  [Large  Size) 


Total  length  of  frame 

Width  of  frame     ... 

Length  of  lift 

Diameter  of  full  bobbin  ... 

Diameter  of  fluted  rollers,  front 

,,  second 

,,  third 

top  rollers,  front 

,,  second 

,,  third     ... 

Total  draft  of  rollers 
Draft  from  front  to  second  roller 
Draft  from  second  to  third  roller 
Distance  from  front  to  back  roller 

,,  second  to  third  roller 

Weights  on  top  rollers    ... 
Height  and  diameter  of  can 
Speed  of  main  shaft 
Speed  of  spindles  (revolutions  per  minute) 
Turns  of  spindle  for  one  of  front  roller 


40  ft.  6  in. 

3  ft. 
10  in. 
6  in. 
if  in. 
if  in. 
if  in.    . 
2  in. 
2  in. 
2  in. 
6—1 
Optional 


17  lb. 

36  in.  by  9  in. 


1 8  so. 


hi ter mediate  Frayne  [Large 

Total  length  of  frame 

Width  of  frame     ... 

Length  of  lift 

Diameter  of  full  bobbin  ... 

Diameter  of  fluted  rollers,  front 

,,  second 

,,  third 

top  rollers,  front    ... 

,,  second 

,,  third     ... 

Total  draft  of  rollers 
Draft  from  front  to  second  roller 
Draft  from  second  to  third  roller 
Distance  from  front  to  back  roller 

,,  second  to  third  roller 

Weights  on  top  roller 
Speed  of  main  shaft 

Speed  of  spindles  (revolutions  per  minute) 
Turns  of  spindle  for  one  of  front  roller 


Size) 


Roving  Frame  [Large  Si 


Total  length  of  frame 
Width  of  frame     . . . 
Length  of  lift 


■e) 


37  ft. 
3  ft. 
8  in. 


tm 

iin 
1 


in. 
in. 


m. 


1 

iin. 
h  in. 


i 
2 

6—1 


(Optional) 


17  lb. 

960. 

4- 


37  ft. 

3  ft. 

7  in. 


6  in. 
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Diameter  of  full  bobbin  ... 
Diameter  of  fluted  rollers,  front 

,,  second 

,,  third 

top  rollers,  front    ... 

,,  second 

,,  third     ... 

Total  draft  of  rollers 
Draft  from  front  to  second  roller 
Draft  from  second  to  third  roller 
Distance  from  front  to  back  rollers 

,,  second  to  third  rollers 

Weights  on  top  rollers    ... 
Number  of  spindles 
Speed  of  main  shaft  (revolutions  per  minute) 
Speed  of  spindles  ,,  ,, 

Turns  of  spindle  for  one  of  front  roller 


4  in. 
il  in. 
1 1  in. 
I J  in. 
I  in. 
I  in. 
I  in. 

5—1 
(Optional) 


14  lb. 
180. 

350- 
1000. 

4- 


Spindle  Gill  Box  [Medium  Botany) 

Number  of  Boxes... 

Length  of  frame   ... 

Breadth  of  frame  .. . 

Number  of  spindles 

Revolution  of  spindles  per  minute 

Pitch  of  spindle     ... 

Size  of  bobbins 

Diameter  of  bottom  rollers,  front 

,,  ,,  back 

,,         top  rollers,  front 

,,  ,,  back 

Pitch  of  screw 
Number  of  fallers  up 
Length  over  fallers 

Draft  

Ends  up 


4  ft. 

4  ft.  6  in. 

2. 

80. 

I2|  in. 

14  in.  by  9  in 

2  in. 

3  in- 
2h  in. 

32  in- 
I  in. 
12. 
22  in. 

5-5- 
4- 


First  Drawing  Box  {Medium  Botany) 


Length  of  frame  ... 

Breadth  of  frame  ... 

Number  of  spindles 

Pitch  of  spindles  ... 

Size  of  full  bobbin 

Diameter  of  bottom  rollers,  front 

,,  ,,  back  (4  in  set) 

,,  ,,    carriers, 

,,  top  carriers, 

,,  top  front 

Draft  

Speed  of  back  shaft  (revolutions  per  minute) 
Speed  of  spindles  ,,  ,, 


6  ft. 
10  ft. 

4- 

\2\  in. 

14  in  by  g  in. 

4  in. 

2\  in. 

I  in. 

i^  in. 


7I ; 


m. 


5-5- 
200. 

160. 
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Second  Drawing  Box  [Medium  Botany) 

Number  of  boxes ...  ...  ...  ...  ...  i. 

Length  of  frame 8  ft.  lo  in. 

Breadth  of  frame 8  ft. 

Number  of  spindles         ...  ...  ...  ...  6. 

Pitch  of  spindles  ...  ...  ...  ...  ...  ii\\n. 

Size  of  full  bobbin  ...  ...  ...  ...  14  in.  by  8  in. 

Diameter  of  rollers,  front  low    ...  ...  ...  4  in. 

,,  ,,         back  low    ...  ...  ...  2  in. 

,,  ,,        front  top    ...  ...  ...  72  i°' 

,,  ,,         back  top    ...  ...  ...  2  in. 

,,  ,,         carriers,  low  ...  ...  i  in. 

,,  ,,        carriers,  top  ...  ...  li"  i"- 

Draft  6." 

Ends  up     ...  ...  ...  ...  ...  ...  4. 

Speed  of  back  shaft  (revolutions  per  minute)...  200. 

Speed  of  spindles  ,,  ,,  180. 

Third  Drawing  Box  [Mediiim  Botany) 

Number  of  boxes...  ...  ...  ...  ...  i. 

Length  of  frame   ...  ...  ...  ...  ...  9  ft.  2  in. 

Breadth  of  frame ...  ...  ...  ...  ...  10  ft. 

Number  of  spindles  ...  ...  ...  ...  8. 

Pitch  of  spindles io|  in. 

Size  of  full  bobbin  14  in.  by  7  in. 

Diameter  of  rollers,  front  low    ...  ...  ...  4  in. 

,,  ,,        back  low    ...  ...  ...  2  in. 

,,  ,,        front  top     ...  ...  ...  7|  in. 

,,  ,,        back  top     ...  ...  ...  2  in. 

,,  ,,        carriers,  low  ...  ...  i  in. 

,,  ,,        carriers,  top  ...  ...  i  in. 

Draft  6. 

Ends  up     ...  ...  ...  ...  ...  ...  3. 

Speed  of  spindles  (revolutions  per  minute)      ...  200. 

Speed  of  back  shaft  ,,  ,,  ...  200. 

Finishing  Boxes  [Medium  Botany) 

Number  of  boxes...  ...  ...  ...  ...  2. 

Length  of  frame 8  ft.  6  in. 

Breadth  of  frame ...  ...  ...  ...  ...  10  ft. 

Number  of  spindles  ...  ...  ...  ...  8. 

Pitch  of  spindles  ...  ...  ...  ...  ...  9f  in. 

Size  of  full  bobbin iiin.by6in. 

Diameter  of  rollers,  front  low    ...  ...  ...  4  in. 

,,  ,,         back  low    ...  ...  ...  2i  in. 

,,  ,,         front  top     ...  ...  ...  7^  iri' 

,,  ,,         back  top     ...  ...  ...  2  in. 

,,  ,,         carriers,  low  ...  ...  i  in. 

,,  ,,        carriers,  top  ...         ...  i  in. 
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Draft  6. 

Ends  up      ...  ...  ...  ...  ...  ...  3- 

Speed  of  spindles  (revolutions  per  minute)      ...  230. 

Speed  of  back  shaft        ,,  ,,  ...  200. 

Reducing  Boxes  {Medium  Botany) 


Number  of  boxes  ... 

•■       3- 

Length  of  frame   ... 

18  ft.  4  in. 

Breadth  of  frame  ... 

3  ft.  6  in. 

Number  of  spindles 

..       32. 

Pitch  of  spindles  ... 

6  in. 

Size  of  full  bobbin 

7  in.  by  4  in 

Diameter  of  rollers, 

front  low    ... 

4  in. 

back  low    ... 

2  in. 

front  top     ... 

..        5  in. 

back  top    ... 

2  in. 

carriers,  low 

1  in. 

carriers,  top 

fin. 

Draft           

..        6.5. 

Ends  up 

2. 

Speed  of  spindles  (revolutions  per  minute) 

..       950. 

Speed  of  back  shaft 

>j                    jj 

..        237. 

Roving  Boxes  [Medium  Botany) 


Number  of  boxes  ... 

Length  of  frame   ... 

Breadth  of  frame  ... 

Number  of  spindles 

Pitch  of  spindles  ... 

Size  of  full  bobbins 

Diameter  of  rollers,  front  low 
back  low 
front  top 
back  top 
carriers,  low 
carriers,  top 

Draft  

Ends  up 

Speed  of  spindles  (revolutions  per  minute) 

Speed  of  back  shaft         ,,  ,, 


14  ft.  6  in. 

3  ft.  6  in. 
32. 

5  in. 

6  in.  by  3  in. 

4  in. 
2  in. 

52  in- 
2  in. 

in. 

in. 

5- 
2 

1200. 

300. 


7 

8 
3 
4 
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CHAPTER    IV 
Evolution  of  Spinning  Machinery 

Spinning  by  Machinery. — The  fly  shuttle,  invented  by  John  Kay, 
of  Bury,  in  1733,  is  often  cited  as  the  first  cause  of  the  rapid 
development  of  the  textile  machine  factory.  The  fly  shuttle  was 
a  very  important  invention,  enabling  one  weaver  to  operate  a 
broadcloth  loom  where  two  were  formerly  required,  and  otherwise 
shortening  the  labour  of  weaving;  but  the  causes  which  brought 
forth  the  textile  machine  factory  were  far  greater  and  deeper, 
beginning  long  before  Kay  was  born.  During  the  two  centuries 
previous  the  division-of-labour  principle,  formerly  unconscious, 
slowly  made  way  as  a  conscious  method  in  British  industry.  As 
early  as  the  seventeenth,  century,  in  the  seaports  and  large  towns 
factories  were  operating  in  which  men  were  employed  on  parts 
of  a  divided-labour  process.  The  great  mass  of  the  people  still 
lived  in  small  villages  and  rural  hamlets,  alternating  agriculture 
with  handicraft  industry,  each  little  community  self-sufficient  and 
self-supporting.  The  wealth  created  and  accumulated  by  that 
quiet  life  caused  expansion;  no  new  land  was  available  for  agri- 
cultural extension ;  the  gathered  force,  therefore,  expended  itself 
in  the  fields  of  commerce  and  industry.  The  sons  of  well-to-do 
cottar  weavers  set  up  in  business  as  cloth  traders,  manufacturers, 
yarn  merchants,  and  exporters,  employing  spinners  and  weavers 
either  as  home  workers  or  as  labourers  directly  under  their  own 
supervision  in  factories  built  for  the  purpose. 

This  is  not  the  place  to  discuss  the  general  processes  of  indus- 
trial development,  but  clear  perception  of  the  main  facts  is  neces- 
sary. John  Kay  did  not  fully  perfect  his  invention  till  1753,  and 
it  was  seven  years  later  before  the  fly  shuttle  was  accepted  by  the 
cotton  weavers.  Yet,  as  we  have  already  stated,  Lewis  Paul  patented 
roller  spinning  in  1738.  Further  development  in  that  direction  seemed 
checked  by  the  failure  of  Paul  in  1743,  when  his  business  was  broken 
up  and  his  spinning  rollers  were  sold  to  a  Lancashire  hat  manufacturer; 
but  the  textile  industry'  continued  to  grow.  With  the  aid  of  the  fly 
shuttle  the  weavers  outstripped  the  spinners  in  productive  powers. 
The  idea  of  labour-saving  machinery  had  already  taken  possession  of 
men's  minds;  accordingly  it  seemed  to  everybody  that  some  machine 
should  be  devised  to  shorten  the  labour  process  of  spinning. 
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On  March  16,  1761,  the  Society  of  Arts  issued  the  following 
advertisement : — 

"For  the  best  invention  of  a  machine  that  will  spin  six  threads 
of  wool,  flax,  hemp,  or  cotton,  at  one  time,  and  that  will  require 
but  one  person  to  work  and  attend  it  (cheapness  and  simplicity 
in  the  construction  will  be  considered  part  of  its  merit);  for  the 
best,  fifty  pounds ;    for  the  second  best,  twenty-five  pounds ". 

The  reasons  which  prompted  that  advertisement  are  given  in 
the  Minutes  of  the  Transactions  of  the  Society  of  Arts,  to  the  effect 
that:  "The  Society,  having  been  informed  that  our  manufacturers 
of  cotton,  woollen,  and  linen,  find  it  exceedingly  difficult,  when  the 
spinners  are  out  at  harvest  work,  to  procure  a  sufficient  number  of 
hands  to  keep  their  weavers,  &c.,  employed;  and  that  for  want 
of  proper  dispatch  in  this  branch  of  our  manufacture,  the  merchants' 
orders  for  all  sorts  of  piece  goods  are  often  greatly  retarded,  to 
the  prejudice  of  the  manufacturer,  merchant,  and  master  in  general, 
the  Society  has  resolved  " — as  above  shown. 

Though  none  of  the  inventions  submitted  by  the  competitors 
were  of  any  value,  the  action  of  the  Society  of  Arts  was  not  only 
worthy  of  praise  as  a  liberal  effort  to  promote  industrial  interests, 
but  it  also  gave  point  and  currency  to  the  idea  of  mechanical 
spinning  and  prepared  the  public  mind  for  its  acceptance  when  the 
invention  came  to  light. 

James  Hargreaves. — The  inventor  of  the  first  practical  spinning 
machine  was  not  a  professed  mechanic,  but  simply  a  poor  weaver 
who  found  it  difficult  to  procure  weft  yarn.  A  native  of  Stanhill, 
near  Blackburn,  James  Hargreaves  settled  in  his  native  village, 
supporting  his  wife  and  family  by  his  earnings  on  the  loom.  From 
tradition  and  by  conjecture,  for  we  have  little  else,  it  is  possible  to 
form  a  vague  portrait  of  the  man  and  his  circumstances.  "He  was 
a  stout,  broad-set  man,"  says  one  who  knew  him,  "about  5  ft.  10 
in.,  or  rather  more,  in  height."  Like  many  another  weaver, 
Hargreaves  depended  on  his  wife  to  spin  his  weft;  but  she  bore 
him  a  large  family  and  household  cares  hindered  her  spinning, 
so  that  the  poor  man  had  to  be  both  spinner  and  weaver.  It 
was  slow  work,  and  as  no  money  could  be  got  till  the  cloth  was 
woven,  the  pinch  of  starvation  was  frequently  felt  by  the  whole 
family.  To  compete  with  the  Blackburn  manufacturers  for  the 
scarce  and  dear  supplies  of  weft  available  was  impossible,  and 
yet  to  continue  weaving  and  spinning  at  that  rate  involved  a  misery 
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bitterer  than  death.  Impelled  by  his  own  deep  need,  and  probably 
inspired  by  the  rumours  of  spinning  inventions  current  all  over 
Lanca'shire  then,  Hargreaves  sat  through  many  a  night  trying  to 
improve  the  common  spinning  wheel,  so  that  it  would  spin  four 
threads  at  once.  All  his  efforts  were  in  vain.  Sitting  at  his  loom 
in  the  corner  of  the  crowded  kitchen  one  day,  the  stout,  broad- 
set  man  was  plying  shuttle  and  lathe  mechanically,  pondering  the 
while  over  the  problem  of  spinning,  when  the  crash  of  the 
spinning  wheel  on  the  floor  caused  him  to  look  up.  Two  or 
the   boys,    in   eager   sport,    had    upset   the   wheel   and   fled   from    the 


P'ig.  126. — Hargreaves'  Spinning  Jenny 

paternal  wrath;  but  the  father's  eye  was  attracted  by  the  spindle 
of  the  overturned  wheel  revolving  vertically  on  its  axis.  An  idea 
came  into  his  mind.  Why,  he  thought,  should  not  a  number  of 
spindles  be  made  to  revolve  in  that  way?  Being  a  handy  man,  and 
able  to  use  the  carpenter's  tools  dexterously,  he  made  a  creel  to 
carry  several  spindles,  put  whorls  on  their  ends,  and  fixed  them 
vertically.  On  another  creel  he  set  roving  spindles.  The  creels 
he  placed  in  a  frame,  and  on  the  top  rails  of  the  frame  he  put  a 
carriage  of  two  cross  bars  to  draw  out  and  clasp  the  rovings. 
With  this  machine  Hargreaves  was  able  to  spin  several  threads  at 
one  time,  and  more  rapidly  than  on  the  spinning  wheel.  The 
motive  power  was  the  old  spinning  wheel  placed  at  the  end  of  the 
frame.  First  the  inventor  drew  the  roving  off  the  rove  spindles 
till  a  given  length  was  drawn  by  the  carriage;  then  it  was  fixed 
and  the   spindles  set  running  round,   while  the   carriage   was   drawn 
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back,  attenuating  and  twisting  the  threads.  This  done,  the  spindles 
were  reversed,  the  carriage  was  allowed  to  move  forward,  and  the 
spun  threads  were  wound  on  the  spindles. 

We  have  no  model  of  Hargreaves'  original  frame  nor  of  any- 
made  by  him  unaided;  but  from  the  rough  description  given  it 
will  be  evident  that  he  had  made  the  common  spinning  wheel  into 
a  machine  and  greatly  multiplied  its  productive  powers.  He  claimed 
later,  in  the  specification  of  his  patent  claim,  that  the  jenny  could 
be  managed  by  one  person  only,  and  would  spin,  draw,  and  twist 
sixteen  threads  or  more  at  one  time.  The  first  machines,  however, 
were  only  made  to  spin  eight  threads. 

Rude  as  the  spinning  jenny  was,  it  enabled  the  inventor  to  spin 
sufficient  weft  for  his  own  weaving  at  small  cost  of  time  and  labour. 
He  also  undertook  to  spin  quantities  of  yarn  for  manufacturers  in 
Blackburn  and  neighbourhood.  Hargreaves  had  brought  the  jenny 
into  working  order  about  1764,  and  for  three  years  continued  to 
increase  in  prosperity;  but  if  he  had  meant  to  keep  his  invention 
secret,  his  sale  of  yarn  to  others  was  a  serious  blunder.  Hand- 
spinners,  jealous  of  the  monopoly  their  craft  enjoyed,  enquired  how 
it  was  that  Hargreaves  had  yarn  to  sell,  and  they  were  not  long 
in  discovering  the  truth.  Accordingly,  one  night  in  the  year  1767 
a  mob  came  and  surrounded  the  house,  broke  in,  destroyed  his 
machines,  and  threatened  him  with  worse,  unless  he  ceased  using 
the  machines  for  spinning.  Hargreaves  was  ruined.  Some  of  the 
manufacturers  to  whom  he  had  sold  yarn,  however,  secretly  employed 
him  to  make  for  them  a  few  of  his  machines.  With  the  money 
they  paid  him  Hargreaves  was  able  to  remove  with  his  family  to 
Nottingham,  and  set  up  in  business  there,  with  a  partner  named 
Thomas  James,  in  1768. 

Some  time  after  settling  in  Nottingham,  Hargreaves  took  out  a 
patent  for  the  spinning  jenny,  and  sought  to  prevent  others  from 
using  the  machine  without  licence  from  him.  Lancashire  manufac- 
turers off"ered  him  ;i^30oo  in  full  discharge  of  all  claims;  but  Hargreaves 
took  the  matter  to  law,  and  was  non-suited  on  the  ground  that  he 
had  sold  some  of  the  machines  before  the  date  of  his  patent.  The 
spinning  jenny  thus  became  public  property.  The  inventor,  however, 
had  built  up  a  fair  business  before  his  death  in  1778,  and  left  his 
wife  and  family  in  comfortable  circumstances. 

Haley's  Cylinder. — Though  capable  of  doing  as  much  work,  in 
the  hands  of  a  young  person,  as  twelve  skilled  spinners,  the  spinning 
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jenny  of  Hargreaves  was  admittedly  imperfect.  Hargreaves  him- 
self felt  dissatisfied  with  the  method  of  driving  the  spindles  he  had 
copied  from  the  common  spinning  wheel,  but  could  think  of  no 
better.  The  defect  was  remedied  by  the  ingenuity  of  a  poor  and 
obscure  man  named  Haley,  belonging  to  Hoghton,  near  Blackburn. 
About  this  clever  inventor  very  little  is  known ;  but  his  invention 
has  become  one  of  the  most  useful  instruments  at  the  service  of  textile 
workers.  In  front  of  the  spindle  creel  Haley  fixed  a  tin  cylinder, 
and  round  it  placed  the  driving  bands  of  the  spindles.  On  the  end 
of  the  cylinder  he  fixed  a  grooved  pulley  which  he  connected  with 
the  driving  wheel  by  an  endless  band.  Thus,  while  each  spindle 
had  its  own  driving  band,  they  were  all  driven  as  one  through 
the  medium  of  the  tin  cylinder.  With  this  improvement  the  jenny 
could  be  very  largely  extended  and  easily  driven. 

The  Spinning  Jenny.— Discarded  early  in  the  nineteenth  century, 
the  improved  spinning  jenny  is  yet  interesting  to  textile  spinners, 
because  there  the  beginnings  of  some  very  important  spinning 
contrivances  are  to  be  seen.  The  body  of  the  jenny  (fig.  126)  was 
a  strong  rectangular  frame  about  6  ft.  long  and  2  ft.  high,  composed 
of  battens  firmly  joined  together.  On  the  back  rail  of  the  frame 
the  creel  of  spindles  with  whorls  was  set.  A  short  distance  farther 
in,  a  tin  cylinder  was  hung,  the  axles  of  the  cylinder  running  freely 
on  bearings  in  the  sides  of  the  frame.  From  the  tin  cylinder  endless 
bands  were  passed  round  the  whorls  of  the  spindles.  The  cylinder 
itself  was  driven  by  a  band  from  the  large  wheel  hung  on  the  end 
of  the  frame.  Still  farther  towards  the  front  of  the  frame,  the  creel 
for  the  rovings  was  placed  tilted  at  an  angle  to  admit  of  easy 
delivery.  Set  on  wheels  to  run  in  grooves  on  the  top  rails  of  the 
structure  was  the  carriage,  consisting  mainly  of  two  cross  rails, 
the  one  above  the  other,  the  upper  rail  being  grooved  for  the 
threads,  and  the  bottom  one  having  projections  to  fit  into  the 
grooves,  so  as  to  clamp  the  threads  when  necessary.  A  simple 
arrangement  of  cords  and  a  spring  closed  the  cross  rails  or  held 
them  apart.  Over  the  head  of  the  spindle  creel  at  the  back  of  the 
frame  a  cross  rail,  with  pulleys  on  both  ends,  carried  a  wire,  which, 
when  the  pulleys  were  moved,  turned  over  in  front  of  the  spindles 
in  the  creel,  holding  down  and  guiding  whatever  threads  were  to 
be  wound  on.  At  the  commencement  of  operations  the  carriage 
was  at  the  end  of  the  frame  nearest  the  spindles.  Passing  the 
rovings  taken  off  the  bobbins  in  the   creel    underneath   through   the 
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grooves  on  the  carriage  rail,  and  thence  on  to  the  spindles,  the 
operator  drew  the  carriage  back  to  the  point  marked  on  the  frame 
indicating  the  length  of  roving  to  be  drawn.  Then  the  cross  bars 
of  the  carriage  were  closed,  the  projections  on  the  lower  bar  dove- 
tailing into  the  grooves  of  the  upper  bar,  and  clasping  the  roving 
firmly.  No  more  demand  could  then  be  made  on  the  creel  of  rovings, 
the  whole  draft  being  concentrated  on  the  length  of  yarn  between 
the  carriage  and  the  spindles.  The  spinner  now  turned  the  wheel, 
setting  the  spindles  in  motion,  drawing  back  the  carriage  at  the 
same  time  towards  the  end  of  the  frame,  thus  attenuating  and 
twisting  the  rovings.  When  the  threads  had  been  sufficiently 
twisted,  the  spinner  let  down  the  wire  over  the  spindle  creel, 
bending  down  the  spun  threads,  carrying  them  from  the  points  to 
the  bases  of  the  spindles.  He  then  wound  the  spun  threads  on  to 
the  spindles,  bringing  forward  the  carriage  the  while.  When  the 
carriage  stopped  it  was  in  position  for  taking  out  another  stretch 
of  rovings  and  beginning  another  operation. 

On  the  spinning  jenny  the  intermittent  action  of  winding  and 
spinning  of  the  common  spinning  wheel  was  retained;  the  spindles 
twisted  and  drew  and  then  wound  on  as  of  old.  But  if  the  obligation 
of  Hargreaves  to  the  ancient  spinning  wheel  was  great,  the  debt  of 
modern  spinners  to  the  jenny  is  still  greater.  The  idea  of  me- 
chanically combining  attenuation  with  twist  on  the  stretch  has  issued 
in  the  invention  of  the  mule  and  the  most  perfect  spinning  the  world 
has  known.  Haley's  cylinder  is  the  universal  medium  of  drive  on 
frames  the  spindles  of  which  are  designed  to  be  independent.  The 
faller  wire  is  at  once  the  simplest  and  most  useful  of  guides  for 
winding  spun  threads  on  to  the  spindles. 

Richard  Arkwright. — The  most  remarkable  figure  in  the  history 
of  textile  manufacture  is  Richard  Arkwright.  Born  at  Preston  on 
23rd  December,  1732,  he  was  the  thirteenth  child  of  very  poor  parents 
While  yet  a  mere  child,  Richard  was  apprenticed  to  a  barber. 
Soon  after  completing  his  apprenticeship  he  settled  in  Bolton,  where 
he  married.  Restless  and  eager,  he  gave  up  the  shaving  business 
and  took  to  hair  dealing,  then  a  very  lucrative  trade,  the  wig  makers 
of  the  time  finding  great  difficulty  in  procuring  materials  for  the  wigs 
then  worn  by  the  members  of  the  upper  and  middle  classes.  It 
is  said  that  Arkwright  discovered  a  secret  dye  by  which  he  was 
able  to  supply  any  colour  of  hair  which  might  be  in  the  fashion. 
Travelling  from  town  to  town  and  from  fair  to  fair,   the  young   hair 
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dealer  came  in  contact  with  all  classes  of  people  and  saw  that  there 
was  a  general  expectation  of  new  developments  in  the  textile  industry- 
likely  to  bring-  wealth  to  those  who  could  effect  them.  Doubtless 
many  a  wandering  dreamer  imparted  to  Arkwright  his  hopes  of 
wealth  and  fame  from  some  invention  which  would  spin  and  weave 
yarn  by  mechanical  means.  For  it  was  known  to  many  that  the 
hair  merchant  had  also  mechanical  dreams,  and  the  fellowship  of 
the  road  is  free  and  open ;  his  superior  intellect,  too,  must  have 
attracted  confidence.  Picking  up  information  here  and  there  and 
making  small  experiments  in  his  leisure,  Arkwight  satisfied  himself 
that  a  new  kind  of  spinning  machine  could  be  devised.  Accordingly, 
about  1765  he  settled  at  Warrington  and  seriously  undertook  the 
making  of  a  cotton-spinning  machine.  Having  no  mechanical  train- 
ing, Arkwright  was  dependent  on  watchmakers  and  other  mechanics 
for  the  parts  of  his  contrivance;  but  his  was  the  governing  idea,  and 
he  at  length  had  built  a  machine  which  would  spin  thread  from  the 
carding  sliver,  or  coarse  roving  as  it  was  then  called.  With  this  he 
returned  to  Preston  and  exhibited  it. 

Ark-wright's  Water  Frame. — Preston  was  the  centre  of  Lancashire 
flax  spinning,  and  there  the  Saxony^  wheel,  with  its  flyer  and  con- 
tinuous spinning  action,  was  a  familiar  implement.  Imitating  Har- 
greaves,  of  whose  spinning  jenny  he  had  doubtless  heard,  Arkwright 
placed  the  Saxony  wheel  spindles,  bobbins,  and  flyers  in  a  vertical 
position;  but  instead  of  the  drawing  carriage  the  ingenious  adapter 
set  the  drawing  rollers  of  Lewis  Paul  on  the  head  of  a  vertical  frame 
above  the  spindles.  Behind  the  rollers  he  fixed  a  creel  for  the  roving 
bobbins.  At  the  Masson  Mill,  Matlock,  one  of  the  establishments 
founded  by  Arkwright,  a  small  model  is  exhibited  which  seems  to 
be  very  like  the  original  spinning  frame  exhibited  by  Arkwright  in 
his  native  town,  but  spoiled  by  the  addition  of  later  improvements. 
The  rough  solidity  of  the  framework,  the  clock  wheels  on  the  ends 
of  the  drawing  rollers,  and  the  shape  and  position  of  the  wheel  at 
the  side  point  to  the  machine  as  the  original  invention  of  Arkwright; 
but  the  flyers  and  spindles  are  of  newer  shape,  the  flyers  being 
destitute  of  the  ''hecks"  or  hooks  on  the  legs,  which  the  inventor 
must  have  considered  indispensable. 

Arkwright  seems  not  to  have  made  any  strong  effort  to  develop 
a  spinning  business  in  his  native  town.  The  hostility  of  Lancashire 
spinners  to  all  forms  of  spinning  machinery  took  violent  forms,  and 
the    inventor   was    too   well    acquainted   with   the   workpeople   of    the 
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county  to  seek  an  encounter  with  them.  Hearing  that  Hargreaves 
had  found  a  safe  asylum  in  Nottingham,  Arkwright  went  there  and 
took  small  premises  in  Woolpack  Lane.  He  had  for  partner  a 
Preston  man  named  John  Smalley,  who  had  helped  him  with  capital; 
but  their  slender  resources  were  almost  exhausted  before  they  were 
able  to  make  a  profit.  In  this  strait  Arkwright  applied  to  Jedediah 
Strutt,  famous  as  a  stocking-frame  inventor,  who  advanced  the  capital 
needed  for  further  improvement  of  the  spinning  frame.  In  1769, 
about  a  year  after  his  settlement  in  Nottingham,  Arkwright  had  so 
far  perfected  his  invention  as  to  feel  warranted  in  applying  for  a 
patent.  In  this  form  the  water 
frame  became  known  to  the 
world.  The  great  inventor's 
specification  is  neither  clear 
nor  explicit,  and  his  general 
description  conveys  a  very 
vague  idea  of  the  machine. 
With  the  aid  of  his  diagrams, 
however,  we  are  enabled  to 
obtain  a  fair  idea  of  the  main 
features  of  this  remarkable 
machine  (fig.    127). 

At  the  back  of  the  frame, 
supported  on  vertical  posts, 
was  a  creel  for  holding  four 
large    bobbins.       In    front    of 

these  were  four  pairs  of  rollers,  the  under  rollers  of  each  pair  fluted  and 
the  upper  ones  clothed  with  leather  and  weighed  down  by  a  system  of 
corded  weight  on  both  sides.  The  pairs  of  rollers  were  driven  by  a 
wheel  at  the  side,  and  the  teeth  of  each  roller  were  numbered  accord- 
ing to  the  relative  speed  at  which  it  was  to  be  driven,  the  speeds  of 
the  rollers  being  graded  higher  from  back  to  front.  Four  small  wires 
across  the  front  of  the  vertical  frame  carried  the  threads  given  out 
from  the  rollers  down  to  the  flyers  on  the  spindles  in  the  lower  part 
of  the  frame.  On  the  spindles  were  bobbins  with  end  whorls  for 
dragging,  the  spindles  extending  below  into  thick  whorls  fitted  to 
receive  the  driving  belt.  The  whole  power  of  the  frame  came  from 
a  horizontal  wheel,  the  belt  from  which  acted  on  the  spindles  and 
the  shaft  driving  the  pulley  of  the  drawing  rollers.  According  to 
our   observation   of   the    machine,    it   appears   that   the    bobbins   were 


Fig.  127. — Arkwright's  Water  Frame 
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driven  from  a  small  drum,  the  cords  from  the  drum  passing  round 
the  whorls  on  the  flanged  bobbins;  but  Arkwright  himself  is  not 
explicit,  and  some  authors  assert  that  the  cords  round  the  bobbins 
were  for  regulation  and  retardation  only.  Arkwright,  it  is  true, 
subsequently  dispensed  with  the  bobbin  drive,  depending  wholly  on 
the  drag  of  the  thread  to  pull  round  the  bobbin  and  wind  itself. 
As  we  shall  see,  this  method  was  found  even  more  useful  in  spinning 
machines  than  we  have  already  seen  it  on  flyer  frames.  Whether 
the  original  water  frame,  therefore,  was  equipped  with  a  bobbin 
drive  or  not  matters  little.  Another  feature  of  the  old  Saxony  wheel 
which  Arkwright  certainly  retained  at  first  was  the  set  of  hooks  on 
the  legs  of  the  flyer  for  regulating  the  winding  of  the  thread  on  to 
the  barrel  of  the  bobbin.  Passed  through  the  hook,  the  thread  was 
wound  on  one  part  of  the  bobbin,  and  when  that  was  covered  with 
a  layer  of  thread  the  frame  was  stopped  and  thread  transferred  to 
another  hook. 

As  we  have  already  learned  in  our  study  of  the  bobbin-and-flyer 
frames  used  in  drawing,  this  was  the  original  of  all  that  class  of 
machines.  Having  examined  the  operations  of  those  frames  in  detail, 
it  is  unnecessary  to  describe  further  the  working  of  the  water  frame. 
Arkwright's  comprehensive  genius  is  here  manifest.  Alone  or  aided 
l3y  the  suggestions  of  others,  he  devised  a  spinning  machine,  which, 
by  simple  modifications,  could  be  used  to  carry  through  all  the  details 
of  the  spinning  process  without  the  aid  of  any  other.  We  have  seen 
the  drawing  frame  take  the  slivers  from  the  carding  engine,  and  a 
series  of  machines  of  the  same  model  attenuating  and  twisting  the 
thread  stage  by  stage.  First,  the  frames  were  drawing  only;  second, 
the  bobbin-and-flyer  frames  were  drawing  and  twisting;  third,  the 
spinning  frames. 

The  Organizer  of  the  Textile  Machine  Factory. — Having  as 
partners  the  members  of  the  wealthy  firm  of  Need  &  Strutt,  Arkwright 
proceeded  to  carry  into  effect  the  bold  and  comprehensive  conception 
he  had  formed  of  mechanical  spinning.  First,  he  attempted  to  make 
the  water  frame  we  have  described  prepare  the  rovings  as  well  as 
spin  them,  but  he  failed.  Instead  of  failure  daunting  this  strong 
man,  it  merely  spurred  him  on  to  larger  enterprise.  Arkwright  saw 
that,  if  he  meant  to  produce  the  highest  qualities  of  yarns,  he  must 
begin  with  the  material  at  the  preparatory  stage.  This,  however, 
involved  larger  premises  than  the  small  place  in  Nottingham,  and 
a  more  reliable  driving  force  than  horse  power.      Ably  seconded  by 
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the  far-seeing  Strutt,  Arkwright  built  the  Cromford  mill,  on  a  small 
tributary  of  the  Derwent,  whose  waters,  issuing  from  underground 
springs,  were  of  equal  volume  winter  and  summer.  Beside  this  stream 
Arkwright  reared  a  large  water  wheel  to  drive  the  machinery  of 
the  mill.  While  the  mill  was  being  built  Arkwright  supervised  the 
construction  of  every  machine.  He  had  previously  improved  the 
carding  engine,  but  for  this  mill  he  brought  that  machine  to  a  very 
high  pitch  of  perfection.  Then  he  made  improvements  on  the  drawing 
frame  and  devised  the  revolving  can  for  taking  in  the  drawn  slivers 
which  is  still  operating.  Applying  the  bobbin  and  flyer  on  a  large 
scale,  he  made  what  we  now  know  as  the  slubbing  frame.  Next, 
the  roving  frame  was  constructed,  and  here  an  important  improvement 
falls  to  be  noted.  In  1772,  Coniah  Wood,  an  ingenious  mechanic 
whom  Arkwright  frequently  employed  to  assist  him,  invented  a  spin- 
ning frame  in  which  the  hecks  on  the  flyers  were  displaced  by  a 
traverse  rail,  which  efficiently  regulated  the  winding  on  while  the 
frame  was  kept  running.  Arkwright  adopted  the  idea  and  improved 
on  Wood's  contrivance.  The  rail,  as  invented  by  Wood,  lifted  the 
bobbins  on  the  spindle,  but  required  the  constant  attention  of  the 
operator.  Arkwright  invented  a  heart-shaped  cam  by  which  the 
up-and-down  traverse  of  the  rail  was  automatically  controlled.  Finally, 
the  spinning  frame  itself  was  enlarged  and  improved.  The  spindles 
were  lightened,  the  flyers  transformed  into  double  hooks,  and  drums 
and  pulleys  substituted  for  the  horizontal  driving  wheel.  Arkwright 
had  organized  the  textile  factory,  so  far  at  least  as  the  spinning  depart- 
ment was  concerned. 

Many  mechanical  details  in  the  machines  were  imperfect  and  the 
operatives  were  called  upon  to  exercise  some  intelligence  in  their 
work.  No  one  was  more  conscious  of  the  defects  than  the  inventor 
himself,  but  from  Arkwright's  water  frame  have  sprung  all  the 
machines  which  change  the  soft  sliver  into  fine  rovings,  finishing 
spinning  frames  such  as  the  throstle,  the  ring  traveller,  and  the  tube, 
and  various  kinds  of  twisting  frames. 

Cromford  mill  was  completed  in  1771.  Up  till  this  time  it  seems 
that  Arkwright  had  not  been  able  to  give  his  partners  any  return  upon 
the  money  lent;  but  he  was  fortunate  in  having  to  deal  with  men 
experienced  in  the  troubles  which  beset  invention.  Their  foresight 
and  patience  were  soon  afterwards  rewarded.  With  his  new  and 
highly  organized  factory  Arkwright  was  enabled  to  undersell  his 
Lancashire  rivals  and  reap  large  profits. 
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Arkwright's  success,  however,  is  not  to  be  explained  by  cheapness 
alone.  Hitherto  cotton  manufacturers  had  despaired  of  producing 
warp  yarns.  Linen  was  the  almost  universal  warp  material.  British 
clothmakers  were  therefore  unable  to  compete  with  the  pure  calicoes 
which  the  East  India  Company  brought  from  India.  Heavy  import 
duties  were  laid  on  the  calicoes  and  a  tax  was  put  upon  the  cloth  itself; 
but  all  was  vain,  calico  continuing  to  be  preferred  by  the  moneyed 
classes  to  the  coarser  home  products.  Arkwright  soon  proved  that 
his  water  twist  was  equally  suitable  for  warp  and  weft.  Supplied 
with  cotton  warp  of  the  requisite  strength  and  fineness,  British  weavers 
were  able  to  supply  the  home  markets  with  pure  calicoes. 

Encouraged  by  success,  the  partners  resolved  to  build  another 
mill;  accordingly  they  commenced  to  construct  the  Masson  mill,  by 
the  side  of  the  Derwent.  Arkwright  accepted  this  as  another  oppor- 
tunity for  further  improving  his  machines.  He  enlarged  the  carding 
engine  and  added  the  small  rollers  to  it.  Besides  adding  greatly  to 
the  size  and  productive  capacity  of  his  spinning  frames,  the  great 
inventor  took  the  whorls  off  the  bobbins,  relieving  them  of  positive 
drive.  For  the  winding-on  motion  he  relied  wholly  on  the  drag  of 
the  bobbins,  aided,  when  necessary,  by  a  friction  pad  on  the  lifter 
rail.  Masson  mill  was  completed  in  1775,  and  in  the  same  year 
Arkwright  took  out  patents  for  his  improvements. 

Strife  over  Patents. — Lancashire  manufacturers  had  viewed  Ark- 
wright's activities  with  alarm  and  hostility.  To  compete  with  him 
some  of  the  manufacturers  bought  over  his  leading  hands;  others, 
more  shrewd,  sought  out  the  various  men  who  had  assisted  Arkwright 
in  his  early  efforts,  and  with  the  aid  of  these  men  constructed  imitations 
of  his  machines.  Begun  about  the  year  1777,  these  practices  continued 
and  grew  to  such  an  audacious  height  that  Arkwright  was  compelled 
to  seek  the  protection  of  the  law.  In  1781  he  raised  actions  against 
nine  different  manufacturers.  The  first  action  w^as  against  Colonel 
Mordaunt,  who  was  supported  by  a  strong  combination  of  Lancashire 
manufacturers.  On  the  ground  that  his  specification  lacked  definite- 
ness  and  clearness  Arkwright  was  non-suited.  For  the  time  he 
abandoned  the  other  actions,  but  the  great  inventor  rightly  felt  that 
he  had  been  unjustly  treated.  He  published  a  pamphlet  stating  his 
whole  case  in  1782,  and  in  1785  obtained  a  new  trial.  From  this 
trial  he  obtained  a  favourable  verdict.  Stay  of  execution,  however, 
was  granted  to  his  opponents,  who  then  appealed  to  the  Court  of 
King's    Bench,    claiming   declaration    that    his    patents   were    invalid. 
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Arkwright's  old  assistant,  Kay,  gave  evidence  against  him  •  but  the 
most  important  evidence  was  that  of  Highs,  who  appears  to  have 
been  a  useful  instrument  in  rendering  patent  rights  invalid  for  the 
benefit  of  Lancashire  manufacturers.  He  was  cited  against  Hargreaves 
also.  Highs  seems  to  have  been  a  man  of  undoubted  talent;  it  is 
very  probable,  indeed,  that  his  imaginative  gift  was  of  a  higher 
order  than  that  of  either  Hargreaves  or  Arkwright,  but  it  is  quite 
certain  that  he  lacked  practical  energy  and  strength  of  character, 
and  much  of  his  evidence  against  Arkwright  was  manifestly  false. 
But  the  Court,  though  they  might  have  doubts  of  the  reliability  of  the 
chief  witnesses  for  the  appealing  manufacturers,  very  reasonably  refused 
to  confirm  patents  so  composite  of  other  men's  ideas  as  Arkwright's 
were.  His  claims  were  therefore  declared  invalid.  Either  way  a 
certain  measure  of  injustice  was  inevitable,  and  the  Court  took  the 
wise  view  that  it  was  better  that  a  fairly  successful  man  should  suffer 
than  that  he  should  be  given  a  monopoly  over  contrivances  which 
hundreds  of  manufacturers  had  adopted  in  the  belief  that  they  were 
common  property.  On  the  whole  rough  justice  was  done,  the  injury 
to  Arkwright  notwithstanding. 

Hated  and  Successful. — After  events  proved  that  the  judgment 
of  the  Court  of  King's  Bench  met  the  requirements  of  the  position, 
Arkwright  was  free,  equally  with  his  opponents,  to  utilize  the  ideas 
contained  in  the  great  series  of  drawing  and  spinning  machines  he 
had  contrived,  and  in  addition  possessed  the  gifts  of  organization 
and  adaptation  they  could  not  hope  to  rival  or  destroy.  In  conse- 
quence, Arkwright  became  the  most  successful  cotton  spinner  of  his 
time.  His  authority  on  all  spinning  problems  was  admittedly  supreme, 
and  he  held  an  interest  in  many  factories  in  return  for  advice  and 
guidance.  Before  his  death,  in  1792,  his  fortune  was  estimated  at 
over  half  a  million  sterling.  Yet  he  was  hated  in  Lancashire  with 
a  strange  intensity.  So  strong  was  the  general  dislike  of  Arkwright, 
spinners  were  to  be  met  with  as  late  as  the  close  of  the  nineteenth 
century,  over  a  hundred  years  after  his  death,  who  denounced  the  water 
frame  and  its  progeny,  the  ring-traveller  frame,  as  evil  things.  "  Spin- 
ning by  brute  strength"  was  among  the  mildest  of  their  comments. 
Very  probably  something  in  Arkwright's  personality,  in  his  strenuous, 
acquisitive,  rudely  practical  style,  offended  his  contemporaries  and 
added  to  their  chagrin  at  his  triumphs.  In  addition,  Richard  Ark- 
wright became  identified  in  the  minds  of  Lancashire  working  people 
with  the  mechanical   innovations  which  deprived  them  of  their  craft 
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and  converted  them  into  machine  minders.  How  misguided  the  latter 
were  in  regarding  Arkwright  as  specially  their  enemy  we  learn  from 
the  amiable  Erasmus  Darwin,  who  had  visited  the  mills  by  the  Der- 
went.  In  fervent  strains  the  kindly  poetic  soul  thus  tries  to  describe 
the  operations  of  the  works  and  express  his  own  feelings: — 

"  Where  Derwent  guides  his  dusky  floods 
Through  vaulted  mountains  and  a  night  of  woods, 
The  nymph  Gossypia  treads  the  silver  sod, 
And  warms  with  rosy  smiles  the  watery  god; 
His  ponderous  oars  to  slender  spindles  turns, 
And  pours  o'er  massy  wheels  his  foaming  urns; 
With  playful  charms  her  hoary  lover  wins, 
And  wields  his  tridents  while  the  monarch  spins. 
First  with  nice  eye,  emerging  naiads  cull 
From  leathery  pods  the  vegetable  wool ; 
With  wiry  teeth  revolving  cards  release 
The  tangled  knots  and  smooth  the  ravelled  fleece; 
Next  moves  the  iron  hand  with  fingers  fine, 
Combs  the  wide  card,  and  forms  the  eternal  line: 
Slow  with  soft  lips  the  whirling  can  acquires 
The  tender  skeins,  and  wraps  the  rising  spires; 
With  quickened  pace  successive  rollers  move. 
And  these  retain,  and  those  extend  the  rove: 
Then  fly  the  spokes,  the  rapid  axles  glow, 
While  slowly  circumvolves  the  labouring  wheel  below." 

Samuel  Crompton.  —  Less  fortunate  in  his  life  than  Arkwright, 
the  posthumous  fame  of  Samuel  Crompton  is  haloed  by  a  kindly 
regard  altogether  absent  from  the  records  of  his  great  contemporary. 
No  name  is  dearer  to  Lancashire  men  than  that  of  the  inventor  of  the 
spinning  mule.  Crompton's  father  was  a  cottar  clothmaker,  living 
on  a  small  farm  at  Firwood,  near  Bolton.  Like  many  in  his  day, 
Crompton  senior  cultivated  his  little  farm  and  occupied  his  spare 
time  with  carding,  spinning,  and  weaving  cotton  and  flax  into  cloth. 
His  wife,  too,  kept  a  few  cows,  and  in  the  intervals  of  milking  and 
butter  making  assisted  her  husband  at  carding  and  spinning.  The 
couple  seem  to  have  been  above  the  average  in  intelligence  and 
culture.  To  this  pair  a  son  was  born  in  1753.  When  the  boy  was 
about  five  years  old  the  family  removed  from  Firwood  to  occupy 
the  decayed  mansion  of  Hall -i'-th'- Wood,  near  Bolton -le- Moors. 
Here  the  father  died  and  left  his  widow  and  children  poorly  provided 
for.  Mrs.  Crompton,  however,  kept  on  the  farm,  hiring  assistance 
in  the  field  work  and  managing  the  dairy. 

In  such  a  household  the  child  began  to  work  very  early,  taking 
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his  share  in  the  round  of  domestic  duties  in  a  natural  manner.  In 
most  cases  the  share  of  labour  performed  by  the  different  members 
of  a  family  depended  greatly  on  the  aptitude  and  ability  of  the 
individual,  modified,  of  course,  by  the  necessities  of  the  household. 
Crompton  was  early  called  to  his  father's  loom,  but  the  comparative 
comfort  of  the  family  permitted  him  to  indulge  his  taste  for  music 
and  mechanical  experiment.  More  important  still  for  his  future  was 
the  fact  that  he  was  able  to  procure,  when  about  sixteen  years  old, 
one  of  Hargreaves'  spinning  Jennys.  Crompton's  jenny  was  one  of 
eight  spindles,  and  must  therefore  have  been  of  a  very  early  model. 
For  about  five  years  he  continued  to  spin  his  yarn  on  the  jenny  and 
weave  it  into  quiltings,  making  violins,  and  playing  a  part  in  the 
orchestra  of  Bolton  theatre  in  the  evenings  for  the  sum  of  is.  6d. 
per  night.  At  that  time,  however,  the  whole  district  round  Bolton 
was  in  a  ferment  over  the  new  spinning  machines  which  had  been 
invented,  the  agitation  occasionally  rising  to  still  greater  heights 
over  rumours  of  wonderful  machines  which  were  supposed  to  have 
been  invented.  The  solid  fact  behind  those  rumours  was  the  incoming 
of  cotton  warps  and  fine  wefts  from  Nottingham  and  Cromford,  where 
Arkwright  was  building  up  his  fame  and  fortune. 

Being  of  an  artistic  temperament,  young  Crompton's  imagination 
was  fired  with  the  idea  that  fine  and  strong  threads  could  be  spun 
if  the  proper  mechanism  could  be  devised.  His  aim  was  fineness  of 
quality,  not  largeness  of  quantity.  From  1771  to  1779  Crompton 
devoted  the  whole  of  his  leisure  time  to  inventing  a  machine  which 
would  spin  fine  threads.  Very  probably  the  gauzy  draperies  of  the 
actresses  in  the  theatre  had  helped  to  stir  his  ambition.  We  know, 
at  least,  that  the  threads  he  produced  on  his  machine  were  specially 
suited  for  that  class  of  fabric. 

Having  heard  of  Arkwright's  roller  spinning  frame,  though  with- 
out knowledge  of  its  structure,  Crompton  set  himself  to  improving 
the  spinning  jenny,  introducing  the  roller  spinning  principle  as  an 
aid  in  attenuating  the  rove.  On  the  head  of  the  frame  he  placed  the 
roving  creel,  and  in  front  of  it  two  pairs  of  drawing  rollers;  he 
mounted  the  spindles  on  a  carriage  capable  of  being  moved  to  and 
fro  (fig.  128).  As  will  be  evident,  this  was  a  complete  reversal  of  the 
motions  of  the  spinning  jenny.  John  Kennedy,  a  Manchester  manu- 
facturer and  friend  of  Crompton,  accurately  described  the  chief  merit 
of  the  "mule",  as  it  came  to  be  named,  in  a  paper  delivered  by  him 
to  the  Manchester  Philosophical  Society  in   1830.       "The  great  and 
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important  invention  of  Crompton  was  his  spindle  carriage,  and  the 
principle  of  the  thread  having  no  strain  upon  it  until  it  was  com- 
pleted. The  carriage  with  the  spindles  could,  by  the  movement  of 
the  hand  and  knee,  recede  just  as  the  rollers  delivered  out  the  elon- 
gated thread  in  a  soft  state,  so  that  it  would  allow  of  a  considerable 
stretch  before  the  thread  had  to  encounter  the  stress  of  winding:  on 
the  spindle.  This  was  the  corner-stone  of  the  merits  of  his  invention." 
In  the  year  1779  Crompton  had  satisfied  himself  that  his  machine 
would  work.  The  year  following  he  married  and  gave  his  whole  time 
to  spinning  and  weaving.  Being  of  a  quiet  and 
kindly  disposition,  the  young  inventor  was  never  in 
any  real  danger  from  the  machine-breaking  rioters; 
but  other  troubles  came  upon  him.  The  fame  of  his 
yarns  spread  abroad  and  the  demand  became  greater 

than  he  could  supply. 
The  manufacturers  pes- 
tered him,  offering  on  the 
one  hand  to  purchase  a 
machine  from  him,  and 
trying  on  the  other  by 
underhand  means  to  dis- 
cover the  secret  of  its 
mechanisms.  Crompton 
was  in  a  strait.  He  had 
not  the  money  to  patent 
his  invention.  Even  if 
he  borrowed  the  money, 
he  had  no  guarantee  that  his  patent  would  stand.  Desirous  of  peace 
to  live  his  own  life  and  do  his  own  work  quietly,  he  agreed  to  give 
the  secret  of  his  invention  to  the  world,  if  the  manufacturers  of  the 
district  would  raise  a  subscription  among  them  to  recompense  him. 
Many  manufacturers  put  down  their  names  for  considerable  sums, 
and  the  subscription  list  showed  a  large  amount  of  money;  but  after 
Crompton  had  given  his  secret  abroad,  few  of  the  subscribers  would 
pay,  the  total  sum  collected  amounting  to  ;^io6. 

Cotton  manufacturers  were  not  unwilling  to  take  advantage  of  the 
wonderful  contrivance  thus  thrown  to  them ;  but  two  causes  hindered 
many  from  procuring  it.  One  was  the  determined  opposition  of  the 
spinners  to  all  forms  of  mechanical  spinning.  When  the  mobs  attacked 
a  mill  or  set  out  on  a  machine-breakiner  excursion  the  authorities  were 
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powerless  to  stop  them  before  much  damage  had  been  done.  The 
other  deterrent  cause  sprang  from  the  composite  nature  of  the  machine. 
It  was  rightly  named  the  mule,  because  a  combination  of  Arkwright's 
spinning  rollers  and  Hargreaves'  spinning  jenny.  The  latter's  claims 
had  been  effectually  quashed,  but  the  former  still  remained  a  menacing 
power.  In  1785,  however,  Arkwright's  patents  were  declared  invalid, 
and  everyone  might  use  the  mule  without  fear.  Immediately  manu- 
facturers outrivalled  each  other  in  their  eagerness  to  install  Crompton's 
spinning  frame.  Inventors  applied  their  ingenuity  to  improve  the 
frame,  and  within  ten  years  more  mules  were  in  operation  than  all 
the  other  kinds  of  spinning  machines  put  together. 

Those  remarkable  developments  must  be  briefly  reviewed,  but  for 
a  moment  we  turn  aside  to  follow  to  its  close  the  career  of  one  of  the 
noblest  and  most  unfortunate  of  inventors.  In  his  prime  Crompton 
was  a  singularly  handsome  and  powerful-looking  man,  of  gentlemanly 
bearing,  sensitive,  quiet,  reticent,  and  unobtrusive.  Honest  and  kindly 
in  his  disposition,  he  still  had  a  just  notion  of  his  rights.  He  saw 
others  enriching  themselves  with  the  machine  he  had  given  five  years 
of  his  life  and  all  his  earnings  to  make,  and  naturally  felt  indignant. 
He  complained:  "I  received  as  much  by  way  of  subscriptions  as 
built  me  a  new  machine  with  only  four  spindles  more  than  the  one 
I  had  given  up — the  old  one  having  forty-eight,  the  new  one  fifty- 
two  spindles  ". 

Stinted  thus  of  capital,  Crompton  was  compelled  to  resume  working 
as  a  spinner  in  competition  with  the  employees  of  those  who  had 
taken  from  him  his  invention.  His  skill  as  a  spinner  gained  the 
inventor  a  fair  income  for  a  workman,  and  by  careful  saving  he  was 
able  to  gather  enough  capital  to  start  a  small  spinning  factory.  But 
he  could  not  make  a  business  pay;  he  had  no  knowledge  of  business 
methods;  and  so  it  came  about  that  in  1810,  when  there  were  over 
four  million  mule  spindles  at  work  producing  untold  wealth,  the  in- 
ventor of  the  frame  was  almost  in  beggary,  a  widower,  with  a  large 
family  of  young  children  depending  upon  him. 

At  this  juncture  some  of  those  who  were  cognizant  of  Crompton's 
position,  and  aware  of  his  high  deserving,  raised  for  him  the  sum  of 
;;^500  by  subscription,  and  persuaded  him  to  present  a  petition  to 
Parliament  asking  recompense  for  the  pains  and  ability  he  had  spent 
on  a  contrivance  which  had  brought  such  wealth  to  the  nation.  On 
May  12,  18 1 2,  Crompton's  petition  was  to  be  considered,  and  Spencer 
Percival,   the   Prime  Minister  of  the  day,   came  down  to  the  House 
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prepared  to  move  that  the  inventor  be  granted  the  sum  of  ^20,000; 
but  Mr.  Percival  was  assassinated  in  the  lobby  of  the  House,  and 
consideration  of  the  matter  was  adjourned.  When  consideration  was 
resumed,  Crompton  was  awarded  the  sum  of  ^5000. 

The  grant  was  wholly  inadequate  to  the  value  of  the  services 
rendered,  but  the  inventor  had  to  be  content.  With  the  money  he 
entered  into  the  bleaching  business,  taking  his  sons  into  partnership. 
By  a  series  of  misfortunes  Crompton  was  brought  again  to  the  brink 
of  penury.  A  number  of  friends  combined  to  secure  for  him  a  small 
annuity,  and  provided  for  him  till  his  death  in   1827. 

Evolution  of  the  Mule  Frame. — As  it  left  Samuel  Crompton's 
hands,  the  mule  spinning  frame  was  in  a  very  imperfect  condition. 
The  drawing  rollers  were  of  wood,  the  bottom  ones  of  each  pair 
being  fluted  with  copper  wires.  None  of  the  parts  were  mechanically 
related,  each  one  requiring  to  be  separately  directed.  The  drawing 
rollers,  the  carriage,  the  twisting  action  of  the  spindle,  the  return 
movement  of  the  carriage,  and  the  winding  on  of  the  spindles,  each 
required  in  turn  the  attention  of  the  spinner.  Moreover,  the  capacity 
of  the  machine  as  it  then  stood  was  hardly  known  to  the  inventor. 
Crompton's  professed  idea  was  to  deliver  the  drawn  roving  without 
strain  to  the  twisting  spindles.  In  the  act  of  twisting,  however,  a 
certain  degree  of  tension  was  set  up,  and  this  being  found  beneficial, 
the  strain  was  increased.  From  the  fact  that  his  yarns  continued  to 
be  regarded  as  the  best  then  spun  we  must  infer  that  Crompton  adopted 
the  practice,  though  probably  unconscious  of  the  principle.  From 
mere  tension  of  the  threads  spinners  passed  on  to  stretching  them  a 
little  after  delivery,  with  still  better  effects,  the  "stretch",  as  it  came  to 
be  called,  pulling  out  any  soft  and  thick  parts  which  might  be  in 
the  drawn  threads.  When  the  science  of  spinning  was  better  under- 
stood, the  outgoing  carriage  was  allowed  to  gain  gradually  on  the 
delivering  rollers,  thus  evenly  stretching  the  threads.  But  we  are 
anticipating. 

Henry  Sones,  a  mechanic  of  Horwich,  near  Bolton,  was  the  first 
to  make  fluted  metal  rollers  for  the  drawing  section  of  the  mule. 
The  advantage  was  so  obvious  that  the  bottom  drawing  rollers  of 
all  mule  frames  were  made  of  metal. 

To  bring  the  added  stretch  of  the  threads  under  complete  mechani- 
cal control  was  desirable.  Left  to  the  discretion  of  the  spinner,  the 
stretch  was  bound  to  vary  when  no  variation  was  intended.  The 
amount  of  stretch  was  determined   by  the  quality  of  the  roving  and 
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the  fineness  of  the  yarn  to  be  spun ;  but  when  successive  batches  of 
yarn  of  the  same  kind  and  quahty  were  being  spun,  it  was  neces- 
sary to  have  a  definite  limit  of  stretch.  James  Hargreaves,  of  Tot- 
tington,  in  the  Bury  district,  invented  a  scroll,  with  a  small  cone 
scroll  at  the  side,  which  wound  out  the  carriage  and  gave  the  short 
run  needed  for  the  stretch. 

Another  point  was  that  the  spindles  required  to  be  accelerated 
during  the  stretch  to  twist  quickly,  so  that  the  threads  would  be 
held  together.  For  a  long  time  this  was  left  in  the  hands  of  the 
operator.  Mr.  Kennedy,  the  friend  of  Crompton  already  referred  to, 
devised  a  spindle  drive  of  three  pulleys  of  different  sizes,  one  loose 
and  two  fixed.  By  transferring  the  belt  from  the  small  pulley  to  the 
larger  one  the  speed  of  the  spindles  was  increased. 

In  1790  Mr.  Kelly,  of  New  Lanark,  who  had  built  the  mills  by 
the  side  of  the  River  Clyde  for  the  purpose  of  obtaining  water  power 
to  drive  an  installation  of  Arkwright's  water  frames,  put  in  a  few 
new  mules  and  attached  them  to  his  power  shafts.  The  motion  of 
the  water  frame,  however,  is  continuous,  while  that  of  the  mule  is 
intermittent.  To  meet  this  difficulty  Mr.  Kelly  made  a  special 
apparatus  considered  highly  ingenious  at  the  time.  It  consisted  of 
a  loose  pulley  beside  the  fast  pulley,  between  which  a  set  of  catches 
and  wheels  were  adjusted  to  transfer  the  rope  at  the  proper  moment 
from  the  one  pulley  to  the  other. 

Kelly's  application  of  power  to  the  mule  had  far-reaching  effects. 
Lancashire  manufacturers  quickly  adopted  the  idea.  From  being  the 
tool  of  the  home  worker  the  mule  speedily  became  a  factory  machine. 
Mills  were  built  beside  all  the  streams  in  Lancashire,  the  mules  were 
enlarged,  and  the  spinning  industry  developed  amazingly.  The  sudden 
demand  for  labour  created  by  the  swift  growth  of  the  industry 
raised  the  wages  of  spinners  to  such  a  height  that  workers  of  all 
classes  and  grades  flocked  to  the  factories,  eager  to  share  in  the 
spoil.  Carpenters,  blacksmiths,  shoemakers,  and  others  forsook  their 
proper  callings  to  become  spinners.  Invention  was  also  strongly 
stimulated,  and  in  every  district  of  Lancashire,  in  Nottingham,  and 
elsewhere,  men  were  working  at  improvements  on  the  mule.  Ex- 
cepting in  minor  details,  however,  very  little  improvement  of  a  really 
practicable  kind  was  effected  for  nearly  thirty  years.  During  that 
long  period,  at  least,  the  mule,  though  driven  by  power,  required 
the  constant  attention  of  skilled  operatives. 

The  Mule  of  1820. — To  measure  the  rate  of  progress,  as  well  as 
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obtain  a  view  of  the  mule  in  its  simpler  form,  we  shall  examine  the 
various  parts  and  methods  of  working  of  the  mule  spinning  frame 
as  it  was  to  be  seen  in  most  of  the  factories  operating  in  the  year 
1820  (fig.  129).  Four  distinct  mechanisms  constitute  this  machine. 
These  were:  i,  the  creel;  2,  the  drawing  mechanism;  3,  the  carriage; 
4,  the  headstock  or  driving  machinery. 

I.  The  Creel. — The  first  form  of  creel  held  the  roving  bobbins  in 
a  horizontal   position ;    but  machinists  quickly  saw  that  to  range  the 

spindles  closely  the  bobbins  must  be  arranged 
vertically.  A  high  shelf  or  frame  was  erected 
behind  the  drawing  rollers,  with  a  double  row 
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Fig.  129. — The  Mule  of  1820.     Section  showing  spinning  parts 

A,  Creel.  b,  Drawing  rollers.  c,  Faller.  D,  Counter  faller  weighted  at  E.  F,  Spindle,  with  its  wharve. 
G,  Tin  Cylinder,  driving  the  spindles,  and  driven  by  an  endless  band  running  on  the  twist  pulley,  on  the  head- 
stock,  and  on  the  end  pulley  i.     H,  Carriage. 

of  pegs  for  holding  the  rove  bobbins.  Contrary  to  the  fears  of  the 
early  spinners,  no  strain  was  put  upon  the  rove  in  unwinding  from 
the  bobbins.  At  the  foot  of  each  peg  a  porcelain  disc  or  step  was 
laid  to  give  the  bobbin  a  smooth  base  on  which  to  revolve. 

2.  The  Drawing  Mechanism. — Except  that  it  was  smaller,  the 
drawing  apparatus  was  similar  to  that  of  the  roving  frames.  Long 
before  1820  the  whole  system  of  drawing  frames  had  become  the 
common  property  of  the  textile  trade.  On  the  mule  three  pairs  of 
rollers  were  considered  sufficient,  and  the  draft  on  the  roving  was 
calculated  wholly  between  the  front  and  back  pairs,  the  middle  pair 
being  regarded  as  carriers.  It  must  always  be  borne  in  mind,  how- 
ever, that  the  draft  of  the  middle  rollers  was  a  reality;  otherwise  the 
draft  would   have   been    between   the   middle   and   front   rollers   only. 
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If  the  middle  rollers  revolved  at  the  same  speed  as  the  back  rollers, 
they  would  deliver  the  roving  undrawn  and  at  the  same  rate,  with 
the  consequence  that  all  the  draft  would  commence  with  the  middle 
rollers.  As  the  difference  of  speed,  and  therefore  of  draft,  between 
the  front  and  back  rollers  on  these  mule  frames  was  from  8 — i  to 
12 — I,  the  roving  would  have  been  torn  to  pieces  in  such  a  case; 
but,  in  fact,  the  middle  rollers,  acting  as  intermediaries  and  running 
at  a  higher  speed  than  the  back  rollers,  helped  rather  to  soften  the 
pull  of  the  draft  by  making  it  gradual.  One  difference  between  this 
and  every  other  kind  of  drawing  apparatus  falls  to  be  noted  here. 
The  action  of  the  drawing  rollers  was  intermittent.  After  delivering 
the  length  of  drawn  rove  to  the  carriages  the  front  rollers  ceased 
revolving  and  held  the  roving  firmly,  while  the  spindles  drew  and 
twisted. 

3.  The  Carriage.  —  Constructed  of  wood,  the  full  length  of  the 
frame,  the  carriage  was  borne  on  horizontal  bars  which  rested  on 
the  axles  of  two  wheels  running  on  parallel  rails  extending  at  right 
angles  outwards  from  the  frame.  Upon  the  carriage  planks  a  frame- 
work was  built,  in  the  fore  part  of  which  the  top  bushes  and  bottom 
steps  of  the  spindles  were  fixed.  The  spindles  were  set  in  the  car- 
riage in  an  inclined  position,  sloping  towards  the  drawing  rollers,  so 
that  in  their  usual  revolution  they  might  twist  the  threads  round 
their  points  without  winding  them  upon  their  surfaces,  during  the 
outward  journey  of  the  carriage.  On  the  lower  parts  of  the  spindles 
the  whorls  or  wharves  were  fixed,  each  one  of  a  range  of  eight  or 
sixteen  at  a  different  height.  On  the  inner  side  of  the  carriage  was 
a  series  of  tin  cylinders,  each  furnished  with  two  grooves  round  their 
upper  ends,  for  receiving  driving  bands.  The  smooth  sides  of  the 
cylinders  held  and  worked  the  moving  bands  or  cords  of  two  ranges, 
containing  from  sixteen  to  thirty-two  spindles.  The  uppermost  cord 
impelled  the  first  spindles  of  the  adjoining  two  rows;  the  second  cord 
moved  the  second  spindles  of  the  same  ranges;  and  so  on  in  succession. 
Over  the  carriage  from  end  to  end  lay  a  long,  slender  shaft  in  bear- 
ings, provided  with  small  arms  called  fallers.  These  bore  the  faller 
wire,  which  served  to  depress  all  the  threads  from  the  points  of  the 
spindles  and  to  bring  them  upon  a  level  with  the  bottom  of  the  part 
of  the  spindle  to  be  wound. 

4.  Headstock  or  Driving-  Machinery. — In  the  earliest  mules  the 
headstock  was  at  the  side  of  the  frame;  but  Mr.  Wright,  a  mechanic 
trained  under  Arkwright,  placed  it  in  the  middle  of  the  roller  beam, 
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or  rather,  it  should  be  said,  conceived  the  idea  of  working  a  carriage 
on  each  side  of  the  headstock.     After  Wright's  device  came  into  use 

mechanics  had  various 
ways  of  placing  the 
headstock,  some  placing 
it  on  a  level  with  the 
roller  beam,  others  pre- 
ferring to  put  it  a  little 
way  in  advance,  and 
others  believing  the 
proper  position  was  be- 
hind, so  as  to  leave  the 
whole  length  of  frame 
and  carriage  complete. 
Even  at  this  time  the 
headstock  was  a  complex 
mass  of  machinery,  all 
the  parts  of  which  were 
adjusted  to  run  in  har- 
mony with  each  other. 
For  our  present  purpose, 
however,  it  is  sufficient 
to  take  note  of  the  prin- 
cipal parts  (fig.  130).  In 
the  midst  of  the  head- 
stock  was  an  upright 
shaft,  on  the  lower  end 
of  which  a  rope  pulley 
was  carried.  Through 
this  pulley  a  rope  was 
passed  to  a  horizontal 
rope  pulley  in  front  of 
the  frame,  at  the  spot 
where  the  rails  ended. 
One  looped  branch  of 
the  rope  was  attached  to 
the  carriage.  Working  on  the  upright  shaft  were  various  wheels  of 
different  sizes,  and  therefore  driving  the  shaft  at  differing  speeds.  Be- 
ginning with  the  largest  wheel,  the  shaft  came  successively  under  the 
control  of  the  small  wheels  and  was  driven  at  lower  rates  of  speed.    The 
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rope  on  the  carriage  being  driven  by  the  shaft  it  was  driven  at  corres- 
ponding rates.  The  next  important  piece  of  mechanism  was  the  twist 
pulley,  provided  with  six  grooves  of  progressively  increasing  diameters. 
From  the  twist  pulley  an  endless  band  proceeded,  one  branch  passing 
round  a  grooved  horizontal  pulley  beneath  the  carriage  and  then 
turning  over  a  guide  pulley,  for  the  purpose  of  driving  all  the  drums 
situated  at  the  right  hand  of  the  carriage,  by  passing  round  their 
topmost  grooves  and  returning  round  their  second  grooves  in  order 
to  get  to  the  left  hand  of  the  carriage.  After  driving  all  the  drums 
there  the  rope  proceeded  to  the  middle  of  the  machine,  passed  over  a 
set  of  guide  pulleys  on  the  carriage  to  a  horizontal  pulley  revolving 
freely  on  the  same  stud  as  the  carriage-driving  pulley,  and  thence 
back  to  the  twist  pulley  itself.  The  varying  diameters  on  the  twist 
pulley  adequately  account  for  the  variation  of  speed  on  the  spindles, 
the  rope  having  been  automatically  shifted  from  the  one  level  to  the 
other.  By  action  and  counteraction  of  wheel  upon  wheel,  and  pulley 
upon  pulley,  the  wondrous  mechanism  performed  its  task — yet  not 
perfectly,  as  we  shall  see. 

The  Skilled  Spinner  at  Work. — "When  the  spinning  operations 
begin,"  says  a  writer  of  the  time,  "the  rollers  deliver  the  equably 
attenuated  rovings  as  the  carriage  comes  out,  moving  at  first  with  a 
speed  somewhat  greater  than  the  surface  motion  of  the  front  rollers. 
The  spindles  meanwhile  revolve  with  moderate  velocity,  in  order  to 
communicate  but  a  moderate  degree  of  twist.  When  the  carriage 
has  advanced  through  about  five-sixths  of  its  path,  the  rollers  cease 
to  turn  or  to  deliver  thread.  The  carriage  thenceforth  moves  at  a 
very  slow  pace,  while  the  speed  of  the  spindles  is  increased  to  a 
certain  pitch,  at  which  it  continues  till  the  carriage  arrives  at  the 
end  of  its  course.  The  spindles  go  on  revolving  till  they  give  such 
an  additional  twist  to  the  threads  as  may  be  desired,  the  degree  of 
it  being  greater  for  warp  than  for  weft,  and  for  bobbinet  and  book 
muslin  yarns  than  for  the  yarns  of  softer  fabrics.  The  spindles  then 
stop,  and  the  whole  machine  becomes,  for  the  moment,  insulated  from 
the  driving  shaft  of  the  factory.  Now  the  delicate  task  of  the  spinner 
begins.  First  of  all  he  causes  the  spindles  to  make  a  few  revolutions 
backwards,  by  turning  a  winch  handle  that  acts  on  a  pulley  which 
moves  all  the  spindle  drums  at  once.  In  this  way  he  takes  off  the 
slant  coils  from  the  upper  ends  of  the  spindles,  to  prepare  for  dis- 
tributing the  54  or  56  in.  length  of  yarns  just  spun  properly  upon 
their  middle  part.     This  retrogradation  of  the  spindles  is  the  process 
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described  as  backing  off.  The  spinner,  having  seized  the  faller  rod 
with  his  left  hand,  gives  the  faller  wire  such  a  depression  as  to  bear 
down  all  the  threads  before  it  to  a  level  with  the  bottom  of  the  cop, 
or  conical  coil,  of  yarn  formed,  or  about  to  be  formed,  round  the 
spindles.  While  his  left  hand  is  thus  nicely  applied,  under  the 
control  of  an  experienced  eye,  his  right  hand  slowly  turns  the  handle 
of  the  pulley  in  communication  with  the  spindles,  so  as  to  give  them 
a  forward  rotation,  and  his  knee  pushes  the  carriage  before  it  at  the 
precise  rate  requisite  to  supply  yarn  as  the  spindles  wind  it  on. 
These  simultaneous  movements  must  be  here  very  delicately  per- 
formed by  the  mule  spiruier;  first,  the  regulation  of  the  faller,  or 
guide  wire,  continually  varying  in  obliquity;  secondly,  the  rotation 
of  the  spindles,  perhaps  looo  in  number,  at  a  measured  speed;  and 
thirdly,  the  pushing  in  of  the  carriage  at  such  a  rate  precisely  as  to 
supply  yarn  no  faster  than  the  spindles  take  it  up.  In  fine  spinning 
upon  a  mule,  where  nearly  looo  threads  were  spun  at  once,  of 
almost  invisible  tenuity,  the  skill  and  tact  of  the  operator  deserve 
no  little  admiration,  and  are  well  entitled  to  a  most  liberal  recom- 
pense. In  the  process  of  winding  on,  so  as  not  to  break  the  threads, 
and  in  coiling  them  into  the  shapely  conoid  called  a  cop,  the  talents 
of  the  spinner  are  peculiarly  displayed.  As  the  carriage  approaches 
to  its  primary  position,  near  to  the  roller  beam,  he  allows  the  faller 
wire  to  rise  slowly  to  its  natural  elevation,  whereby  the  threads  once 
more  coil  slantingly  up  to  the  tip  of  the  spindle,  and  are  thus  ready 
to  co-operate  in  the  twisting  and  extension  of  another  stretch  of  the 
mule.  Having  pushed  the  carriage  home,  the  spinner  immediately 
sets  the  mule  again  in  gear  with  the  driving  shaft  by  transferring 
the  strap  from  the  loose  to  the  fast  steam  pulley,  and  thus  com- 
mences the  same  beautiful  train  of  operations.  It  is  during  the  few 
instants  after  the  carriage  starts  that  the  lively  little  piecers  are  seen 
skipping  from  point  to  point  to  mend  the  broken  threads.  When- 
ever it  has  receded  a  foot  or  two  from  the  delivering  rollers,  the 
possibility  of  piecing  the  yarn  being  at  an  end,  the  children  have  an 
interval  for  repose  or  recreation,  which,  in  fine  spinning  at  least,  is 
three  times  longer  than  the  period  of  employment.  The  spinner 
likewise  has  nothing  to  do  till  after  the  completion  of  the  fresh  range 
of  threads,  when  he  once  more  backs  off  the  slanting  coil,  and  winds 
on  the  'stretch'". 

Causes   of   Evolution. — Though   driven    by   power,   the   mule  was 
under  the  control  of  the  spinner,  whose  functions  involved  the  exer- 


THE   MAKING   OF   A   CASHMERE   SHAWL 
(From  Sketches  by  J.  L.  Kipling  and  George  Landseer) 

I,  Carding  ihe  pashm  or  short  wool  beneath  the  hair  of  the  Tibetan  goat.       2,  Spinning  the  pashm. 
3,  Doubling  and  Twisting  for  Weft.       4,  Weaving. 
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cise  of  fine  judgment  and  skill.  To  seize  the  proper  moment  for 
backing  off,  judge  the  proper  amount  of  twist  to  be  given  the 
threads,  prevent  the  released  threads  from  running  into  snarls,  hold 
the  faller  wire  at  the  right  angle  for  winding  on  so  as  to  form  a 
good  cop,  and  regulate  the  speed  of  the  spindles  to  the  different 
and  gradually  increasing  diameters  of  the  cops,  required  skill  of  a 
very  high  order.  Such  a  degree  of  ability  is  not  common  at  any 
time  among  any  people,  and  the  number  of  efficient  spinners  found 
for  the  factories  among  the  working  classes  of  that  time  is  high 
proof  of  the  industrial  genius  of  the  British  people.  In  no  other 
country  has  the  hand  mule  been  a  success.  The  large  percentage 
of  inefficient  spinners,  however,  gave  the  m.anufacturers  cause  for  dis- 
content. Moreover,  the  spinners,  joined  together  in  a  trade  society, 
and  conscious  of  the  strength  of  their  position,  demanded  higher  and 
higher  wages  and  shorter  hours.  The  manufacturers,  who  were 
making  profits  amounting  to  600  per  cent,  and  counted  on  the 
same  ratio  of  gain  from  every  additional  spinning  frame,  were  dis- 
appointed to  find  that  the  spinners  also  wanted  a  share  in  the  profits 
of  their  skill.  It  is  said  that  the  millowners  had  installed  plants  for 
warping,  weaving,  and  dyeing,  to  cope  with  the  increased  production 
they  naturally  expected  from  the  increased  numbers  of  spinning 
frames,  and  therefore  it  was  shameful  for  the  spinners  to  disappoint 
expectation  so  laudable.  We  cannot  share  in  that  sentiment.  The 
skill  of  the  spinners  had  not  been  awarded  its  proper  value,  or  the 
manufacturers  had  never  accumulated  the  capital  to  make  such  ex- 
tensions of  their  factories.  So  far  as  can  be  gathered  from  the 
records  of  the  time,  the  demands  of  the  spinners  were  not  unreason- 
ably extravagant;  they  merely  involved  a  lower  rate  of  profit  for  the 
manufacturers;  but  this  was  a  condition  to  which  the  latter  would  not 
submit  without  a  struggle.  The  means  they  took  brought  on  another 
chapter  in  the  history  of  the  spinning  mule. 

Efforts  at  Improving  the  Spinning  Mule. — The  first  and  most 
obvious  defect  of  the  mule  was  the  absence  of  any  means  of  pre- 
venting the  threads  from  snarling  in  the  slack  when  the  backing  off 
took  place.  An  unknown  inventor  hit  on  the  idea  of  a  counter-faller 
wire,  which  would  act  under  the  threads  in  the  same  way  as  the 
faller  wire  acted  above  them.  The  original  device  was  very  simple, 
consisting  of  lever  arms  having  a  fulcrum  attached  to  the  carriage, 
the  projecting  ends  of  the  levers  carrying  a  horizontal  wire,  and 
inner  ends  being  balanced  by  weights  (e  in  fig.  129).     Effective  though 
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it  was  as  a  snarl  preventer,  the  counter-faller  wire  was  itself  a  trouble, 
wiihout  means  of  automatic  control. 

In  1818  Mr.  William  Eaton,  of  Wilne,  Derbyshire,  attempted,  with 
a  measure  of  success  which  only  stopped  short  of  completeness,  to 
render  the  chief  motions  of  the  mule  automatic.  His  machine  per- 
formed automatically  the  backing  off,  the  action  of  the  faller  and 
counter-faller  wires,  and  differentiation  speed  necessary  for  the  grow- 
ing diameters  of  the  cops.  Previous  to  this  Mr.  William  Kelly,  of 
New  Lanark,  also  came  within  sight  of  the  self-acting  mule  every 
manufacturer  was  hoping  for;  but  all  the  efforts  made  failed,  because 
co-ordination  of  the  different  parts  was  difficult  to  secure.  If  the 
carriage  performed  accurately,  the  spindles  were  irregular;  if  the 
spindles  were  automatically  perfect,  some  other  parts  did  not  re- 
spond. A  comprehensive  genius  was  requisite — a  man  who  could 
treat  the  four  members  of  the  mule  as  one  machine.  Smith,  of 
Deanston,  whose  indomitable  perseverance  as  an  inventor  we  have 
noted,  tried  his  hand  on  the  mule;  but  the  problem  was  of  the  very 
kind  his  genius  was  unsuited  to  deal  with. 

Richard  Roberts. — At  Carreghova,  in  the  parish  of  Llanymynech, 
North  Wales,  in  1789,  was  born  a  strange  genius,  whose  passion  for 
mechanical  invention  partook  strongly  of  the  poetic  character.  Richard 
Roberts  was  the  poet  of  mechanics;  he  had  the  inborn  gift  for  making 
things.  While  yet  a  boy,  he  made  a  spinning  wheel  for  his  mother 
with  the  rudest  of  tools.  On  being  given  a  chest  of  carpenter's  tools, 
he  made  another  wheel,  marvellously  accurate  in  structure  and  beau- 
tifully inlaid  and  carved.  He  was  the  handy  man  of  the  parish  and 
the  wonder  of  the  district  before  he  was  out  of  his  teens.  He  left 
his  native  parish  to  seek  fame  and  fortune  in  England,  then  a  foreign 
country  to  him.  Making  his  way  to  Staffordshire,  Roberts  found 
employment  in  an  ironworks.  Afterwards  he  went  to  Salford  to  work 
as  a  woodturner  there.  Next  we  hear  of  him  walking  to  London,  and 
working  in  one  of  the  marine  engineering  shops  of  the  metropolis. 
Though  always  obtaining  employment  readily,  he  seems  to  have 
moved  frofn  place  to  place  too  quickly  for  his  wonderful  gifts  to  win 
recognition.  In  1816  Roberts  went  to  Manchester  and  there  set  up 
in  business  for  himself  as  a  millwright  and  mechanic.  Here  he 
found  his  proper  sphere.  The  machinery  of  the  factories  was  de- 
fective in  many  details,  and  the  appliances  of  the  machinists  them- 
selves gave  scope  for  improvement.  Roberts  applied  his  genius  to 
improving  the  machines  already  in  use.      He  was  nothing  less  than 
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a  professional  inventor.  The  list  of  his  patents  is  long  and  covers  a 
wide  area.  In  1823,  along  with  a  partner  named  Thomas  Sharpe, 
he  founded  the  Atlas  Works,  and  the  firm  of  Sharpe,  Roberts  &  Co. 
became  justly  celebrated  in  the  mechanical  world. 

Roberts  was  a  mechanic;  he  does  not  seem  to  have  possessed  many 
original  ideas  of  his  own ;  but  when  anyone  brought  an  idea  to  him 
he  would  put  it  into  practical  form,  if  that  was  at  all  possible.  He 
speedily  became  known  as  a  veritable  wizard  in  mechanics,  and  the 
demands  for  his  services  were  incessant.  So  busy  was  Roberts  that 
he  paid  little  heed  to  the  repeated  requests  of  influential  and  wealthy 
cotton  manufacturers  to  turn  his  attention  to  the  spinning  mule.  At 
last  he  consented  to  try  to  solve  the  problems  in  the  way  of  render- 
ing the  mule  automatic,  and  ordered  a  mule  to  be  erected  in  the 
works,  so  that  he  might  observe  its  workings.  In  1825  Roberts  pro- 
duced a  spinning  mule  which  mechanically  performed  the  winding 
on  of  the  yarn  on  the  cop;  but  this  machine  was  not  a  satisfactory 
solution  of  the  difficulty  which  the  manufacturers  felt.  It  was  not 
till  1830  that  Roberts  brought  out  his  famous  self-acting  mule.  Armed 
with  this  machine,  the  manufacturers  broke  the  power  of  the  spinners. 

Before  going  into  the  details  of  this  historical  machine  we  may 
briefly  note  the  last  few  events  of  the  great  mechanic's  life.  Up  till 
1843  Roberts  continued  in  partnership  with  Mr.  Sharpe,  but  in  that 
year  the  partnership  was  dissolved,  and  the  firm  of  Roberts  &  Co. 
was  constituted  to  carry  on  the  Globe  Works.  Fourteen  years  later 
Roberts  retired  from  business  as  a  machinist,  and  devoted  himself 
exclusively  to .  invention.  Marvellous  as  his  gifts  were,  the  great 
machinist  did  not  prosper.  Costly  experiments  and  other  causes  re- 
duced him  to  penury  in  his  old  age.  He  died  in  1864,  scarcely  noticed 
by  the  world  to  which  he  had  given  so  much. 

Roberts's  Mule. — The  object  with  which  the  mule  was  brought  to 
Roberts  was  to  dispense  with  skilled  labour  in  spinning.  Before  the 
frame  could  become  automatic  four  separate  problems,  each  involving 
many  details,  required  solution :  first,  the  conclusion  of  the  twisting 
action  of  the  spindles  and  the  reversing  of  the  spindles  at  the  end  of 
the  outward  movement  of  the  carriage,  combined  with  the  taking  up 
of  the  spiral  of  yarn  thus  unwound;  second,  the  shaping  of  the  cop, 
accomplished  by  intelligent  guidance  of  the  faller  wire,  involving  auto- 
matic regulation  of  an  apparatus  for  guiding  the  thread  on  to  the 
spindle;  third,  the  variation  of  the  speed  of  the  spindles  according 
to  the  increasing  diameter  of  the  cops;    fourth,  the  adjustment  of  all 
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the  parts  to  each  other,  so 
that  the  conclusion  of  one 
motion  would  automatic- 
ally bring  on  the  next. 

We  see,  however,  that 
all  these  problems  were 
purely  mechanical,  calling 
rather  for  the  dexterity  and 
resource  of  the  clever  work- 
man than  for  the  imagin- 
ative genius  of  the  original 
inventor.  Roberts  and  his 
task  fitted  one  another 
exactly.  He  was  not  a  spinner;  his  work  was  to  supersede  the  skilled 
spinner  by  an  automatic  machine.  Hence  the  clockwork  character  of 
his  mule  headstock;  hence  also  the 
fact  that  there  are  now  very  few  skilled 
hand-spinners  in  Lancashire. 

Roberts's  Devices. — First,  the  in- 
genious inventor  set  himself  to  con- 


Fig.  131. — Mechanism  of  Faller  Action 

A,  Rotary  cam  of  faller  shaft.      B,  Catch  which  drops  into  the  notch  c 
in  the  quadrant  D.     E,  Roller  running  on  the  guide-rail  F. 


Fig.  132. — Section  of  Improved  Mule 
A,  Carriage,     b,  Roller-beam,     c,  Drum,     d,  Inclined  plane  or  shaper.     E,  Guide  pulley.     F,  Counter  faller. 
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nect  the  faller  and  counter-faller  wires  with  the  general  mechanism 
of  the  frame.  On  the  faller  he  fixed  compound  levers  actuated  by 
rotary  cams  (fig.  131),  which,  brought  into  action  by  the  outward  run 
of  the  carriage,  lowered  the  wire  level  with  the  points  of  the  spindles. 
For  further  action  he  made  another  lever,  with  a  friction  roller,  which 
traversed  an  inclined  plane  called  the  shaper  (fig.  132).  The  inclined 
plane  governed  the  action  of  the  lever  controlling  the  faller  wire,  so 
that  its  up-and-down  movements  were  long  or  short  according  to  the 
part  of  the  cop  which  was  being  wound. 


Fig.  133. — Section  showing  Small  Speed  Drum 

A,  A,  Frame,     b,  b,  Carriage,      c,  Guide  pulleys,     d,  e,  Double-grooved  pulleys,     f,  Faller. 
G,  Counter  faller  shaft.     H,  Drum,     i,  Balance  lever,     j.  Ratchet  wheel. 


To  effect  the  variation  in  the  speed  and  length  of  revolution  of 
the  spindles  required  by  the  increasing  diameter  of  the  cops,  Roberts 
placed  a  small  drum  at  the  end  of  the  carriage  near  the  headstock, 
attaching  to  it  the  ends  of  two  cords  coiled  round  it  in  opposite 
directions,  so  that  as  the  one  wound  the  other  uncoiled  (fig.  133).  As 
the  speed  of  the  spindles  was  constant  when  the  carriage  was  on  the 
outward  traverse,  the  cord  which  unwound  from  the  drum  and  caused 
it  to  drive  the  spindles  had  a  weight  on  the  end  of  it,  the  weight 
uncoiling  the  rope  as  the  carriage  drew  out.  At  the  other  side  of 
the  drum  was  a  quadrant  with  a  radial  arm  to  which  the  end  of  the 
rope  coiled  on  in  the  outward  traverse  was  attached.  Naturally, 
when  the  carriage  moved  inwards,  it  would  uncoil  this  rope.  If 
this  radial  arm  was  always  at  the  same  position,  describing  the  same 
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arc,  and  the  rope  of  a  constant  length,  the  spindles  would  always 
run  at  the  same  speed  every  traverse  of  the  carriage;  but  Roberts 
had  attached  the  end  of  the  rope  to  the  radial  arm  by  a  nut,  the 
position  of  which  was  changed  with  each  traverse  of  the  carriage, 
shortening  the  rope,  and  therefore  quickening  the  motion  of  the 
drum  and  the  spindles  driven  by  it  till  the  bottom  of  the  cop  was 
formed. 

Another   motion,    however,   was    required    for   giving   the   spindles 
the    revolution   necessary  while    backing-off  took  place.      A  series  of 


Fig.  135. — Roberts  s  Self-actor  Mule.     Detail  of  headstock 


A,  A,  Frame.  b,  b,  b,  Steam  pulleys,  c,  Cam  shaft.  D,  Friction  pulley.  e,  Leather-covered  pulley. 
F,  Rim  pulley.  G,  G,  Cams,  h  and  i,  Driving-belt  forks,  j,  Finger  regulating  quantity  of  twist.  K,  Eccentric. 
L,  Escapement  plate. 

wheels   performing  the   backing-off  operation   came   into   gear  with 
the  drum,  causing  the  reverse  motion. 

In  other  parts  of  the  mule  Roberts  effected  improvements,  bringing 
the  whole  machine  into  harmonious  action  (figs.  134,  135).  Our 
present  concern,  however,  is  chiefly  with  the  historical  evolution  of  the 
spinning  frame.  The  mule  employed  in  the  present  day  will  show 
the  connections  of  those  devices  and  the  improvements  made  on  them. 
At  this  point  it  is  necessary  to  say  that  we  must  endeavour  to  keep 
strictly  to  the  mule  type,  without  commending  any  particular  make 
of  the  machine.  Since  the  wonderful  spinning  frame  is  the  common 
property  of  the  whole  trade,  machinists  have  no  other  way  of  gain- 
ing custom  than  by  professing  that  their  special  make  of  machine  is 
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superior,  or  at  least  equal,  to  all  others.  As  Roberts  left  it,  the  mule 
was  an  efficient  spinner,  capable  of  carrying  through  every  movement 
of  the  whole  operation  without  the  intervention  of  the  human  hand; 
but  it  left  much  to  be  desired  in  detail,  and  the  hand  mule,  with  some 

improvements,  still  held  its  own. 
Throstle  Spinning  Frame. — 
Directly  derived  from  Arkwright's 
water  frame,  the  throstle  (fig.  136) 
owes  its  development  to  many 
minds.  The  change  in  the  name, 
in  fact,  arose  from  no  perception 
of  change  in  principle  of  structure 
and  operation,  but  from  the  sing- 
ing noise  the  spindles  and  flyers 
made  when  driven  at  high  speed. 
No  inventor  could  claim  the 
patent,  because  it  is  merely  an 
adaptation  of  the  drawing  frames 
to  spinning  purposes.  The 
throstle  frame  is  the  simplest  of 
all  spinning  machines.  The  ma- 
chinists, having  great  hopes  from 
direct  and  continuous  spinning, 
stripped  the  frame  bare  of  every 
appliance  not  acting  directly. 
From  a  tubular  fork  the  flyer  was 
changed  into  a  solid  fork  of  wire, 
with  hooks  on  both  ends,  the 
thread  being  caught  in  a  small 
hook  on  the  top.  To  drive  the 
spindles,  Haley's  cylinder  was 
adopted  from  the  spinning  jenny; 
endless  bands  were  put  on  the 
cylinder  and  round  the  whorls  of  the  spindles.  The  bobbins  were 
set  loosely  on  the  spindles,  resting  on  a  lifter  plate  or  bolster.  In 
almost  every  respect  the  throstle  was  originally  little  else  than  a  roving 
frame  without  the  differential  winding-on  gear. 

Though  practically  discarded  by  the  cotton  trade,  the  old  form 
of  throstle  has  many  points  of  interest,  both  on  account  of  the  em- 
ployment of  a  modernized  form  by  spinners  of  worsteds,  flax,  hemp, 


Fig.  136. — Throstle  Spinning  Frame, 
working  parts 


Section  of 


A,  Guide  bar.     b,  d,  f,  Leather-covered  top  rollers. 
C,  E,  G,  Fluted  bottom  rollers.      h,  Guide  bar.      i,  Weight 
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and  ramie,  twisters  or  doublers,  and  the  ring-traveller  and  tube-and- 
cap  frames,  directly  derived  from  it. 

The  throstle  was  a  two-sided  frame,  with  drawing  rollers  and 
bobbins,  spindles,  and  flyers  on  both  sides.  In  the  middle  was  a 
creel  of  two  shelves,  each  holding  a  double  row  of  bobbins  full  of 
rovings,  the  second  row  standing  behind  the  divisions  between  the 
bobbins  on  the  front  row.  As  the  one  side  was  a  duplicate  of  the 
other,  we  shall  confine  our 
attention  to  the  one.  Im- 
mediately below  the  bobbins 
was  the  guide  bar  bearing 
wire  hooks  through  which 
the  roving  passed  on  to  the 
drawing  rollers.  This  bar 
received  a  slight  traverse 
motion  from  a  slender  rod 
attached  to  a  little  wheel 
working  into  a  worm 
attached  to  the  end  of  the 
back  roller  shaft.  As  the 
back  roller  turned  it  moved 
the  worm  one  turn,  the 
worm  acting  on  the  wheel, 
which,  having  the  shaft 
eccentrically  set  on  its 
side,  caused  it  to  move  the 
bar  to  and  fro,  with  a 
limit  of  a  few  inches.  This 
caused  the  thread  passed 
through  the   guide  wire   to 

move  over  the  whole  breadth  of  the  roller,  distributing  the  friction 
which  otherwise  would  have  quickly  worn  through  one  point  of  the 
roller.  Next  were  the  pairs  of  drawing  rollers.  In  the  old  throstle  there 
were  seldom  more  than  two  pairs,  the  front  and  back  drawing  rollers. 
As  usual  in  all  drawing  rollers,  the  top  rollers  were  smooth  and 
leather-covered,  whilst  the  bottom  rollers  were  of  metal  and  fluted,  the 
top  rollers  being  weighed  down  by  an  arrangement  of  lever-set  weights 
and  the  bottom  ones  being  continuous  throughout  the  length  of  the 
frame,  but  divided  into  bosses,  two  bosses  to  each  top  roller.  The 
relative  speeds  of  the  back  and  front  rollers  were  proportioned  to  the 


Fig.  137. — Front  View  of  Throstle 

A,  Drawing  rollers.  B,  Bobbins.  c,  Flyers.  D,  Spindle. 
E,  Wharve.  F,  Lifter  plate.  G,  Lifter  bar.  H,  Tin  cylinder. 
I,  Frame  pulley.       J,  Bobbin  creel. 
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draft  desired  on  the  rovings.  Across  the  whole  frame,  midway  between 
the  bobbins  and  the  tops  of  the  spindles,  was  a  wooden  bar,  to  which 
wire  hooks  were  fixed,  one  hook  to  every  thread,  to  act  as  guides  to 
the  threads  from  the  front  rollers  to  the  spindles  or  heads  of  the  flyers. 
On  the  head  of  each  spindle  was  a  wire  hook,  and  screwed  on 
the  head  was  the  flyer,  with  hooks  on  the  ends  of  the  legs  (fig.  137). 

jjj On  the  body  of  the  spindle, 

loosely  set  and  resting  on 
a  traverse  rail  letting  the 
spindles  through  holes,  were 
the  bobbins.  A  rail  braced 
to  the  frame  bushed  the 
spindles,  supporting  them  in 
smooth  brass  bushes,  and  an- 
other rail  at  the  foot  of  the 
frame  supported  their  ends 
in  proper  fittings.  Between 
the  two  rails  were  the  whorls 
on  the  spindles.  In  the  very 
centre  of  the  frame  was  the 
long  cylinder  fixed  round  the 
driving  shaft.  Bands  or  tapes 
were  put  round  the  whorls  of 
the  spindles  and  the  cylinder, 
the  connection  thus  estab- 
lished forming  the  drive. 

We  have  noted  the  lifter 
plate,  or  bolster  rail,  on  which 
the  bobbins  rested.  The 
yarn  was  wound  on  the  bobbins  in  regular  layers.  The  lifter  plate 
was  therefore  required  to  carry  the  bobbins  in  regular  up-and-down 
traverse  past  the  points  of  delivery  from  the  flyers.  To  effect  this, 
Arkwright's  device  of  heart-shaped  cams  acting  on  a  series  of  levers 
controlling  the  lifter  plate  was  adopted  (fig.  138).  The  bolster  rail  was 
supported  on  rods  coming  up  from  a  lever  extending  horizontally 
across  the  whole  frame,  its  ends  being  held  by  another  lever  crossing 
the  end  of  the  frame.  This  lever  hung  on  a  pin  in  the  cross  bar 
of  the  frame,  and  midway  between  the  pin  and  the  horizontal  rod  or 
lever  supporting  the  lifter  plate  was  a  small  pulley  upon  which  moved 
a  heart-shaped  cam.     In  the  centre  of  the  cam  was  a  pinion  wheel, 


Fig.  138. — End  View  of  Common  Throstle 

A,  A,  Gearing  of  drawing  rollers.  B,  Driver  of  drawing  rollers, 
c,  Tin  cylinder  driving  the  spindles.  D,  Pinion  of  lifter  cam. 
E,  Heart-shaped  cam  acting  on  lifter  plates.       F,  Bobbin  creel. 
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into  which  a  worm  on  the  end  of  a  vertical  shaft  worked.  Driven 
by  a  train  of  wheels  from  the  machinery  of  the  frame,  the  worm  turned 
the  wheel  in  the  cam,  so  that  its  equal  sides  moved  reciprocally.  As 
one  side  of  the  cam  came  down  it  depressed  the  lever,  bringing  down 
the  lifter  plate  on  one  side  of 
the  frame  and  elevating  the 
other;  the  return  motion  re- 
versed the  operation.  The  in- 
tervals of  motion,  or  the  length 
of  the  traverse,  and  therefore 
the  lift  of  the  bolster  rail, 
could  be  determined  by  the 
relative  numbers  of  teeth  on 
the  governing  wheels. 

Similarly,  the  action  of  the 
bobbin  was  taken  from  the  im- 
proved water  frame,  in  which 
the  drag  of  the  bobbin  was 
the  medium  of  winding  on. 
Having  fastened  the  bobbin 
to  the  flyer  by  the  thread,  the 
bobbin  was  dragged  round 
with  the  flyer  at  the  same  speed 
minus  the  length  of  yarn  de- 
livered by  the  flyer.  This  prin- 
ciple has  already  been  discussed 
at  some  length,  and  the  details 
of  its  working  fall  to  be  further 
considered  in  practical  spin- 
ning;   it  is  therefore  unneces-  Fig.  139. -ca?  Spinning  Frame 

Sary    to    describe    it    at    present,     a,  Front  roller.     b,  Hook  guide,     c,  Cap.     D,  Bobbin.     E,  Wheel. 

F,  Lifter  plate.     G,  Spindle.     H,  Tliread.     I,  Cop  and  cap. 

Improved         Throstles.  — 

Cotton  spinners  early  discovered  many  defects  in  the  throstle.  It 
strained  fine  and  fragile  threads;  its  equal  winding-on  motion  made 
the  last  layers  on  the  bobbin  very  spare  and  tended  to  draw  them 
too  tight.  The  doffing  of  the  full  bobbins  required  the  taking  off  of 
the  flyers,  which  meant  delay  and  expense.  With  a  wide  flyer  on  its 
head  the  revolution  of  the  spindle  was  restricted;  too  high  a  speed 
developed  a  centrifugal  force  sufficient  to  break  the  strongest  flyers. 
So  long  as  the  mule  was  undeveloped  the  throstle  stood  a  fair  chance; 
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but  after  Roberts  took  it  in  hand  the  mule  easily  outdistanced  its 
rival,   in  the  cotton  factory  at  least. 

Our  business  being  practical,  it  is  scarcely  necessary  to  notice 
the  numerous  unsuccessful  attempts  to  improve  the  throstle.  The 
first  real  improvement  on  the  throstle  which  had  any  practical  value 
came  from  America,  and  was  known  as  the  Danforth  tube-and-cap 
frame,  since  developed  into  the  cap  spinning  frame  (fig.  139).  Some 
cotton  manufacturers  wrongly  suppose  the  cap  frame  to  have  been  dis- 
carded.     It  is  a  valued  instrument  in  worsted  spinning  to  this  day. 

Danforth's  Frame. — The  chief  feature  of  this  spinning  machine 
was  the  fixed  spindle,  with  the  cap  on  its  head,  and  the  revolving 
tube  on  the  spindle,  with  the  bobbin  firmly  fixed  upon  it.  The 
inventor  himself  thus  specified  his  contrivance:  ''The  improvements 
consist  in  the  employment  of  a  circular  rim  adapted  to  the  spindle, 
for  the  purpose  of  guiding  the  spun  thread  on  to  the  taking-on  bobbin 
in  place  of  the  ordinary  flyer.  Upon  the  spindle  a  sliding  roller  is 
placed,  which,  being  connected  to  a  movable  bar,  like  a  traversing 
copping  rail,  ascends  and  descends  upon  the  fixed  spindle  by  the 
usual  lever -and -heart  movement.  The  whorl,  or  whirl,  or  pulley 
turns  loosely  upon  the  spindle,  its  barrel  bearing  upon  the  top  of 
the  pulley,  to  which  it  is  locked,  when  in  operation,  by  a  pin  passing 
through  the  side  of  the  bobbin  and  catching  against  the  elevated 
part  of  the  whorl  barrel ;  hence  it  will  be  perceived  that  the  whorl 
and  bobbin  move  together.  The  hollow  conical  cap  placed  on  the 
top  of  the  spindle,  where  it  remains  stationary,  is  made  sufficiently 
large  to  admit  of  the  bobbin,  when  empty,  passing  up  within  it." 

In  this  frame  it  was  the  bobbin  which  revolved,  while  the  spindle 
remained  stationary.  The  tube  with  its  whorl  was  merely  a  device 
to  avoid  putting  a  whorl  on  the  bobbin  which  would  have  been  other- 
wise inconvenient.  Driven  by  bands  from  the  centre  cylinder,  the 
up-and-down  motion  of  the  whorl  suggested  a  difficulty;  the  whorl 
and  cylinder  would  be  at  different  distances  during  the  up-and-down 
traverse  necessary  for  winding  on  the  full  length  of  the  bobbin  barrel. 
But  the  inventor  was  prepared  for  the  objection,  and  had  a  tension 
rail  or  pulley  which  graduated  the  length  of  the  band  to  the  varying 
position  of  the  whorl. 

The  end  of  the  roving  delivered  from  the  front  drawing  rollers  was 
brought  down  upon  the  outside  of  the  cone  on  the  top  of  the  spindle, 
and  attached  to  the  lower  part  of  the  barrel  of  the  bobbin.  The  pulley 
or  whorl  being  then  put  in  motion,  the  bobbin  revolved  with  it  and 
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spun  the  yarn,  as  it  descended,  into  a  tight  thread,  which  flew  round  the 
co<ne,  turning  under  its  lower  edge  or  rim,  when,  from  the  resistance 
of  the  atmosphere  and  the  Hght  friction  of  the  threa"d  against  that  lower 
rim,  the  effect  was  to  twist  the  thread  and  to  cause  it  to  wind  upon  the 
barrel  of  the  bobbin,  beginning  at  the  bottom  and  progressively  wind- 
ing up  round  it  as  the  bobbin  descended  out  of  the  conical  cap. 

Some  time  elapsed  before  the  spinners  of  this  country  acquired 
confidence  in  so  trifling  a  thing  as  the  atmospheric  drag  upon  so 
slender  a  thing  as  a  fine  thread,  but  the  enormous  speed  at  which 
the  bobbin  could  be  driven  actually  did  develop  such  a  force.  If 
driven  at  the  speed  of  300  revolutions  a  minute,  no  twist  and  no 
winding  took  place;  but  when  the  bobbin  was  driven  at  the  rate  of 
7000  revolutions  the  drag  was  ample,  the  threads  spreading  out  like 
wind-blown  sails.  On  such  a  slender  thread  as  cotton,  however,  the 
effectiveness  of  the  cap  was  doubtful,  and  therefore  the  frame  passed 
almost  exclusively  into  the  hands  of  the  worsted  spinners,  who  im- 
proved it  in  ways  we  shall  hereafter  observe. 

Driving  and  Doffing  Improvements  on  the  Throstle. — Found  use- 
ful for  strong  threads  and  doubling  purposes,  the  throstle  itself  was 
not  allowed  to  fall  into  neglect.  In  1848  Messrs.  Shaw  &  Cottam  built 
a  frame  containing  two  tin  cylinders  in  place  of  one.  In  that  plan 
each  side  has  its  own  drive.  The  simple  change  has  made  a  con- 
siderable increase  in  the  effectiveness  of  the  machine.  The  drive  is 
lighter,  steadier,  and  more  direct;  not  having  such  a  length  to  span, 
the  bands  can  be  kept  taut  without  so  much  pressure,  with  the  con- 
sequence of  less  friction  on  the  spindle. 

On  the  common  throstle  the  doffing  of  the  full  bobbins  occupies 
from  four  to  five  minutes,  shortening  the  working  week  of  the  frame 
by  a  period  varying  from  two  to  three  hours,  according  to  the  dexterity 
of  the  doffers.  To  lessen  the  labour,  the  idea  of  lifting  the  spindles 
instead  of  the  flyers  has  been  adopted,  though  the  success  of  any 
contrivance  yet  devised  has  not  been  unqualified.  The  other  way 
of  lessening  the  need  for  doffing  is  by  making  the  bobbins  longer 
and  filling  them  more  tightly.  For  this  purpose  attention  has  been 
turned  to  the  flyer.  The  old  presser,  with  improved  hinge  and 
counterbalancing  weight,  has  been  called  into  service.  Another  im- 
provement has  been  made  on  the  flyer  which  is  of  special  importance 
to  worsted  spinners.  The  tubular  form  of  the  flyer  has  been  resumed, 
and  the  threads  thus  sheltered  from  the  draft  of  the  atmosphere  are 

firmer  and  more  consistent,  and  lie  closer  on  the  bobbin. 

VOL.  III.  55 


74  SPINNING 

Introduction  of  the  Ring  Spinning  Frame. — The  avowed  inten- 
tion of  spinning-frame  inventors,  for  the  most  part,  was  to  pre- 
serve spinning  to  the  female  portion  of  humanity.  Arkwright  and 
Crompton  specially  commended  their  machines  on  the  ground  that 
they  were  capable  of  being  worked  by  women  and  children ;  but  the 
latter  inventor  produced  a  machine  the  progeny  of  which  completely 
defeated  his  intention.  The  mule  of  1820  was  heavy  enough  work 
for  a  woman;  the  mule  of  1825  was  enlarged  beyond  the  strength 
of  the  average  female,  though  many  continued  to  operate  mules;  the 
self-actor  mule  of  1830  brought  on  possibilities  of  enlargement  of  the 
frame  such  that  only  men  could  cope  with  the  labour  involved.  In 
this  country  men  gradually  displaced  women  in  the  mule  spinning 
department  of  the  cotton  factories.  American  spinning  was  always 
in  the  hands  of  women;  male  labour  could  not  be  procured  for  that 
kind  of  work  in  a  country  so  rich  in  opportunities  for  workmen. 
Therefore  the  water  frame  of  Arkwright  and  its  successor,  the  throstle, 
continued  to  be  the  main  machines  in  the  factories  of  the  United 
States;  but  the  new  mules  outstripped  the  older  frames  both  in  fine- 
ness of  work  and  in  productive  capacity.  To  hold  their  own,  American 
spinners  must  procure  better  machines.  The  mule  seemed  forbidden 
because  of  the  demand  it  made  for  male  labour.  Improvement  of 
the  throstle  was  the  only  alternative,  and  the  ingenious  machinists 
of  that  country  were  not  long  in  making  strenuous  attempts  to  increase 
the  efficiency  of  the  throstle.  The  Danforth  tube-cap  frame,  we  have 
just  noticed,  was  one  outcome  of  this  effort.  According  to  differing 
authorities  Danforth  invented  his  frame  between  the  years  1828  and 
1831.  We  think  the  earlier  date  is  the  correct  one.  About  1831  a 
rival  to  the  tube-cap  appliance  appeared  in  what  has  since  been  known 
as  the  ring  traveller  or  ring  frame.  Invented  by  Mr.  Jenks,  of  Paw- 
tucket,  Rhode  Island,  the  ring  frame  was  brought  across  the  Atlantic 
in  1832  and  offered  to  British  spinners;  but  the  Danforth  frame  had 
just  then  disappointed  expectations,  and  Lancashire  manufacturers 
were  not  in  a  mood  to  consider  any  more  "Yankee  notions"  at  the 
time.  We  are  apt  to  forget,  in  considering  industrial  history,  that 
industry  is  carried  on  by  human  beings,  prone  to  prejudices,  enmities, 
and  other  sentimental  aberrations.  The  inexorable  logic  of  the  market, 
it  is  true,  ultimately  breaks  down  the  obstacles  of  the  emotions,  but 
progress  is  frequently  seriously  affected  thereby.  The  history  of  the 
ring  frame  in  this  country  is  a  vivid  illustration.  It  may  be  that 
the  machine  was  imperfectly  explained  by  those  who  brought  it  over; 
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perhaps  the  ring  failed  to  work  properly  in  the  damp  air  of  Lancashire 
and  became  clogged;  it  may  be  that  the  spindle  was  not  set  exactly 
in  the  centre  of  the  ring  on  the  frames  exhibited;  or  it  is  possible  that 
the  ring  itself  was  not  a  true  circle.  Whatever  be  the  true  explana- 
tion, the  fact  remains  that  a  spinning  frame  which  had  been  a  proved 
success  in  America  was  rejected  by  the  spinners  of  this  country.  Had 
manufacturers  undertaken  to  give  the  .nachine  a  fair  trial  it  would 
have  been  accepted,  for  there  is  no  spinning  machine  at  all  practicable 
which  the  Lancashire  spinner  could  not  operate.  Shortly  after  its 
first  trial  the  ring  frame  disappeared  from  the  knowledge  of  the  whole 
spinning  trade  of  this  country.  Even  Dr.  Ure,  with  all  his  searching, 
failed  to  obtain  any  trace  of  it.  Not  till  about  1874  '^^'^s  the  ring 
spinning  frame  heard  of  in  Lancashire,  and  then  by  what  appears  to 
have  been  a  happy  accident.  The  facts  have  been  variously  stated, 
but  Mr.  Marsden,  editor  of  The  Textile  Manufacturer,  has  given  a 
very  lucid  account  of  the  matter  in  his  book  on  Cotton  Spinning: 
"Mr.  Samuel  Brooks,  machine  maker,  of  West  Gorton,  Manchester, 
having  sent  his  representative,  Mr.  James  Blakey,  to  the  United 
States  on  a  business  tour,  the  latter  had  his  attention  attracted  to 
the  ring  spinning  system,  and  found  that  it  had  been  perfected  so 
far  that  it  gave  promise  of  soon  becoming  a  formidable  rival  to  the 
English  mule.  This  led  him  to  enquire  exhaustively  into  the  matter, 
and  to  examine  the  merits  of  the  various  spindles  and  machines  then 
competing  for  the  favour  of  the  cotton  trade  of  New  England,  to 
which  at  that  time  the  cotton  manufacture  was  almost  confined.  Mr. 
Blakey  returned  with  a  report  of  the  thorough  success  of  the  system, 
and  brought  with  him  specimens  of  spindles,  rings,  cops  of  yarn,  cloth, 
and  everything  necessary  to  illustrate  his  statements  and  to  enable  him 
to  give  full  details  of  the  construction  of  the  frames.  This  evidence 
thoroughly  convinced  Mr.  Brooks  of  the  advantage  of  the  system,  and 
of  the  certainty  of  its  superseding  the  mule  for  many  descriptions  of 
yarn  as  soon  as  the  prejudices  of  spinners  could  be  overcome.  He 
therefore  determined  thenceforward  to  devote  his  energies  to  the 
development  of  the  system  and  its  introduction  to  the  English  trade." 
Ring  Spinning  Frame. — Before  proceeding  to  discuss  further  this 
American  invention,  we  shall  closely  examine  the  machine  itself  and 
so  make  clear  the  finer  points  of  comparison  between  it  and  the  rival 
spinning  frames.  In  general  structure  this  frame  resembles  the 
throstle.  In  the  centre  of  the  double  frame  stands  the  creel,  two 
bobbins  high,   made  of  light   iron  rods,   braced   firmly  on   the   head 
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of  the  frame.  A  double  row  of  bobbins,  therefore,  faces  to  each 
side  of  the  machine.  As  one  side  is  the  duplicate  of  the  other,  we 
detail  the  one  only.  The  roller  beam  carries  the  drawing  rollers, 
but  they  are  placed  on  stands  which  give  them  an  inclined  position, 
so  that  the  front  rollers  are  lower  than  the  back  rollers.  Behind  the 
rollers  we  find  the  sliding  rod  which  guides  the  thread  over  the  whole 
working  surface  of  the  rollers  to  prevent  a  groove  being  formed  by 
the  passage  of  the  thread  over  one  point.  The  top  rollers  are  leather- 
covered  and  weighted  by  lever  weight  slung  on  saddles  on  the  ends. 
In  this  frame  there  are  usually  three  pairs  of  drawing  rollers,  the 
second  pair  close  to  the  third,  with  only  a  slight  difference  between 
the  speeds  of  the  hindmost  pairs,  the  main  draft  being  between  the 
back  and  the  front  rollers,  the  calculation  of  draft  being  the  difference 
in  the  speeds  of  the  front  and  back  pairs.  Farther  down  the  frame 
is  the  thread  rail,  carrying  iron  hooks,  one  for  each  spindle,  every 
small  section  separately  hinged  to  permit  of  a  single  spindle  being 
attended  to  in  case  of  a  broken  thread.  The  thread  rails  on  both 
sides  are  coupled  to  a  rod  extending  the  full  length  of  the  frame, 
and  on  the  end  of  this  rod  is  a  handle  which  lifts  all  the  thread  guides 
clear  of  the  frame  when  necessary.  Forming  another  broad  line  across 
the  length  of  the  frame  is  the  ring  plate,  which  is  the  chief  feature 
of  the  frame.  In  this  rail,  at  distances  accurately  measured,  circular 
holes  have  been  cut,  so  that,  when  fixed  on  the  frame,  each  hole 
will  have  the  point  of  a  spindle  for  its  centre.  Firmly  fixed  on  each 
hole  is  a  strong  metal  ring,  perfectly  formed,  and  with  flanged  edges. 
Upon  the  ring  a  small  steel  hook  is  sprung,  the  points  of  the  hook 
catching  firmly  into  the  flange  of  the  upper  edge  of  the  ring,  yet 
so  as  to  run  freely  round  after  being  caught  in.  The  ring  rail  is 
also  the  lifter  rail  of  the  frame,  and  its  motion  differs  markedly  from 
the  lifter  rail  of  the  throstle.  The  latter  carries  the  bobbins  up  and 
down  in  an  equal  traverse,  forming  a  cylindrical  series  of  layers  on 
the  bobbins,  being  actuated  by  a  heart-shaped  cam;  but  the  ring 
rail  is  lifted  only  the  space  of  i|  in.  at  a  time  by  a  series  of  chains 
working  on  pulleys  under  the  frame.  As  each  i^  in.  of  the  bobbin 
fills  up  in  cop  shape,  the  chains  are  drawn  a  point,  the  traverse  being 
over  a  higher  section  of  the  barrel,  thus  forming  a  firm  and  compact 
cone.  The  long  spindle  rests  on  a  footstep  fixed  across  the  length 
of  the  frame,  and  is  supported  by  two  bolster  rails  and  a  tubular 
bolster.  Above  the  upper  bolster  is  the  whorl;  above  that  again  is 
the  cup  which  forms  the  bobbin  holder.      The  bobbin  is  slipped  on 
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to  the  spindle  and  held  firmly  in  the  brass  cup.  From  end  to  end 
of  the  frame  and  through  the  centre  of  it  stretch  the  tin  cylinders  which 
drive  the  spindles  by  endless  bands  round  the  whorls. 

We  must  now  gain  some  idea  of  how  this  frame  works.  From 
the  bobbin  set  on  a  pin  which  allows  it  to  revolve  with  the  least 
possible  friction  the  thread  is  led  down  through  the  guide  wires  on 
the  traverse  rod,  in  between  the  three  pairs  of  drawing  rollers. 
Having  been  attenuated  by  the  draft  between  the  back  and  front 
rollers,  the  roving  issues  from  the  latter  a  slender,  fragile  thread 
and  passes  through  the  hook  on  the  thread  board,  the  eye  of  which 
is  above  the  point  of  the  spindle.  Thence  the  thread  is  linked 
through  the  little  hook  of  steel  on  the  ring  called  the  traveller,  and 
fastened  to  the  bobbin.  Fixed  firmly  on  the  spindle,  the  bobbin 
revolves  at  the  rate  of  8000  revolutions  per  minute.  This  enormous 
speed  has  a  double  purpose:  first,  to  twist  the  thread,  and  second, 
to  wind  it  on.  Left  to  itself,  however,  the  bobbin  could  not  wind 
the  thread  round-  its  barrel.  The  thread  would  simply  twist  round 
the  point  of  the  spindle  and  become  a  mixed  tangle.  Here  the 
function  of  the  little  traveller  appears.  Light  and  running  easily 
on  the  smooth  flange  of  the  ring,  the  traveller  exercises  a  very 
slight  but  sufficient  drag  on  the  thread,  holding  it  to  the  part  of 
the  bobbin  round  which  it  is  spinning  at  every  moment.  The  little 
link  acts  as  did  the  fingers  of  the  ancient  spinsters,  letting  the  thread 
slip  through  yet  always  guiding  it  on  to  the  bobbin.  Carried  on 
the  ring  rail  in  its  up-and-down  traverse,  the  traveller  winds  the 
thread  round  the  bobbin  in  even  and  regular  layers,  forming  the 
cop  shape  which  is  most  preferred  for  weft. 

The  ring  frame  is  generally  considered  better  for  spinning  hard 
warp  than  fine  wefts;  but  the  frame  detailed  above  has  been  proved 
a  good  weft  spinner.  One  feature  of  it  helps  this.  It  will  be 
observed  that  the  drawing  rollers  are  placed  on  the  slant,  the  front 
rollers  sitting  lower  than  the  back  rollers.  When  the  rollers  lie 
level,  the  yarn  issuing  is  pressed  against  the  side  of  the  lower 
front  roller,  shortening  the  length  of  thread  upon  which  the 
twist  of  the  spindle  can  act.  Set  at  an  angle,  so  that  the  "nip" 
of  the  rollers  hangs  above  the  point  of  the  spindle,  the  thread 
comes  out  clear,  and  the  twist  goes  right  up  to  the  nip  of  the  front 
drawing  rollers.  Distributed  over  the  whole  length  of  thread,  the 
twist  may  be  made  lighter  or  softer,  and  it  is  more  evenly  carried 
along  the  thread. 
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Doffing  is  another  important  point  in  all  spinning  frames  of 
the  throstle  type.  On  the  ring  spinner  the  difficulty  is  easily  over- 
come. Letting  the  ring  rail  down  below  the  level  of  the  full  bobbin 
and  turning  the  handle  which  lifts  the  thread  board,  the  spinner 
lays  the  bobbin  and  spindle  bare,  so  that  he  has  only  to  lift  the 
bobbin.  As  the  doffer  takes  off  the  bobbin,  the  thread  coils  itself 
round  the  tube  which  sleeves  the  spindle  and  holds  the  bobbin. 
When  an  empty  bobbin   is  put  on,   it  presses  the   thread  down  into 

the  cup  base  and  wedges  it 
firmly,  thus  forming  the 
necessary  connection  between 
the  front  drawing  rollers  and 
the  spindle  without  further 
trouble.  On  this  principle 
doffing  can  be  accomplished 
in  a  very  short  time,  a  frame 
of  250  spindles  being  doffed 
in  thirty-five  seconds. 

The  long  stretch  between 
the  front  roller  and  the  ring 
traveller  and  the  enormous 
speed  at  which  the  frame  is 
worked  have  given  rise  to 
an  effect  on  the  thread  aptly 
named  ballooning.  Travel- 
ling through  the  air  at  the 
rate  of  50  ft.  per  second,  the 
thread  tends  to  open  out  in 
the  wind  created.  Various 
devices  have  been  adopted  to  obviate  this  evil.  Two  forms  of  anti- 
ballooning  apparatus  are  now  in  general  use.  One  is  a  broken  ring 
fixed  on  the  ring  rail,  held  up  by  a  bracket.  The  ring  is  in  two  halves; 
or  rather,  one  should  say,  it  is  a  wire  doubled  into  the  bracket  holder 
and  bent  into  a  complete  ring  at  the  back,  circling  round  to  the  front, 
where  the  two  ends  overlap,  but,  being  bent  away  from  each  other, 
leave  a  clear  space,  though  virtually  a  complete  circle.  A  complete 
ring  would  interfere  with  the  work  of  the  piecers;  but  the  open 
space  permits  the  joined  ends  to  pass  through  on  the  bobbin.  Yet 
so  far  as  the  thread  is  concerned,  the  circle  is  complete,  and  the 
ring    keeps    it   in   the    straight   line,    counteracting    the    effect   of  the 


Elevation  Plan 

Fig.  140. — Anti-ballooning  Arrangement  (J.  Hetherington  &  Sons) 

A,  Anti-ballooning,  guides.       b,  Bracket  of  guides.       c,  Bobbin. 
D,  Finger  of  guide.       E,  Ring  rail. 
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atmosphere.  The  other  anti-ballooning  device  is  simpler  (fig.  140),  con- 
sisting of  a  range  of  double  wires  extending  from  a  rod  on  the  frame 
above  the  ring  rail,  projecting  between  the  spindles  and  beyond  the 
Each  rod  is  hinged,  so  that,  as  the  rail  comes  up, 


circle  of  the  ring 


Fig.  141. — Various  Forms  of  Spindle 

I,  Flyer  doubling  spindle.  2,  Flyer  spinning  spindle.  3,  Plain  ring  doubling  spindle.  4,  Self-contained 
ring  spindle.  5,  "  Mayor "  ring  spindle.  6,  "Union"  gravity  twist  ring  spindle.  7,  "Union"  gravity  weft 
ring  spindle.  8,  "  Ferguslie  "  ring  doubling  spindle.  9,  "  Union  "  gravity  ring  doubling  spindle.  10,  "  Union  " 
gravity  flyer  spinning  or  doubling  spindle.     11,  Inverted  flyer  doubling  spindle.     12,  Cap  spindle. 


it  yields  and  lifts;  at  the  full  height  of  the  rail  the  anti-balloon  rods 
assume  a  vertical  position,  remaining  in  that  attitude  till  the  doffer,  after 
putting  on  the  fresh  bobbins,  tips  them  back  into  the  horizontal  posi- 
tion. A  considerable  number  of  variations  have  been  wrought  on  these 
two  forms  of  anti-balloon  appliance.  Theoretically,  the  ring  form  is 
the  better,  but  in  practice  we  do  not  find  much  to  choose  between  them. 
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Spindles. — The  ring  frame  has  brought  on  a  spindle  development 
which  requires  special  notice.  Bearing  the  whole  force  of  the  spin- 
ning and  winding  operation,  carrying  the  bobbin,  and  running  at 
the  rate  of  8000  revolutions  per  minute,  the  spindle  must  be  both 
strong  and  true.  Having  no  experience  of  the  spindle  and  with 
little  idea  of  the  great  strain  put  upon  it,  the  original  inventors  of 
the  ring  frame  put  a  wharf  on  the  spindle  and  inserted  it  in  a  socket, 
the  bottom  of  which  was  an  oil  cup,  expect-  p 

ing  it  to  work  all  right.  But  the  spindle 
twisted,  cracked,  and  broke;  drawn  by  the 
revolving  motion  the  oil  ran  up  the  spindle, 
overflowing  on  the  bobbin ;  the  bushes  wore 
out  with  great  rapidity;  the  constant  pull  of 
the  driving  band  drew  the  spindle  out  of  the 
straight  and  caused  the  yarn  to  twist  badly 
and  wind  on  irregularly.  For  about  forty 
years  experiments  were  constantly  being  made 
in  spindles,  the  Booth-Sawyer  being  the  best 
of  an  imperfect  lot.  The  next  invention  was 
the  "  rabbeth",  so  named  because  the  spindle 
was  fixed  into  the  bolster  by  a  deep  "  rabbet" 
joint. 

The  structure  of  the  rabbeth  spindle  (fig. 
142)  has  frequently  been  described.  Begin- 
ning at  the  bottom,  we  find  a  strong,  thick 
screw  fixed  into  the  bolster  rail,  secured  by  a 
heavy  nut.  The  screw  is  hollow  and  forms 
part  of  the  cup  which  holds  the  oil  for  the  pj^  ^^3  _Ri„g 
Fig.  142.-        spindle,     the    upper    bolster    tube,    and    the    Sp'"'^''^'  '^''^  '"• 

Rabbeth  Spindle  ^  ^ '^  side  oil  cup 

spindle  itself.  The  upper  bolster  tube  forms 
the  main  bearing  of  the  spindle  and  is  fashioned  out  of  phosphor 
bronze,  so  that  the  oil  cannot  corrode  it,  being  cast  in  a  curved 
shape  on  the  top  to  carry  down  any  oil  which  may  have  risen  on 
the  spindle  by  capillary  attraction.  Over  this  tube  and  enclosing 
its  upper  part  is  fixed  a  cast-iron  sleeve,  turned  to  a  hairsbreadth 
both  inside  and  out,  enclosing  the  fittings  and  the  spindle.  The 
lower  end  of  the  sleeve  is  shaped  into  a  whorl  for  the  driving  band. 
On  the  upper  side  of  the  whorl  the  cup  which  holds  the  bobbin  is 
fixed.  Kept  oiled  by  a  sealed  oil  chamber,  its  bushes  lubricated 
by  capillary  attraction,  held  steady  by  bushes  of  great  length,  driving 
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by  the  whorl  on  the  end  of  a  sleeve  firmly  fixed  round  it,  the  rabbeth 
spindle  seemed  very  well  fitted  for  the  task  assigned  it. 

Introduced  to  Lancashire  spinners  by  Messrs.  Howard  &  Bullough, 
Accrington,  the  rabbeth  spindle  found  general  acceptance  with  users  of 
the  ring  frame  (fig.  143).  During  the  past  few  years  improvements 
have  been  made  on  the  rabbeth,  the  fragility  of  the  inner  tubes 
and  the  top  sleeves  having  given  a  good  deal  of  trouble.  Stronger 
tube  sockets  have  been  made  and  their  rigidity  lightened  by  springs 
set  between  the  tube  and  the  bolster.  The  bottom  oil  chamber 
has  been  lengthened  and  given  a  cup  form,  which  can  be  screwed 
on  to  the  bottom  of  the  bolster  footstep.  It  may  be  said  that  the 
side  springs  are  very  ingenious  and  enable  the  spindle  to  accom- 
modate inequalities  in  the  bobbin,  while  maintaining  its  own  centre 
of  gravity;  but  the  springs  are  liable  to  break  and  cause  stoppage. 
Other  forms  of  spindle  have  been  put  upon  the  market,  most  of 
which  have  merits  of  their  own ;  but  the  perfect  spindle  has  not 
yet  been  invented. 

The  Work  of  the  Machine  Makers. — It  will  be  evident  to  the 
reader  that  the  great  period  of  invention  in  textile  spinning  ma- 
chinery lasted  scarcely  a  hundred  years.  The  springtime  of  inven- 
tive ideas  opened  with  the  invention  of  Wyatt  in  1737-8,  and  closed 
with  the  mule  of  Roberts  in  1835.  No  new  spinning  machine  has 
been  brought  into  practical  existence  since  that  time;  but  invention 
has  not  therefore  ceased.  On  the  contrary,  the  work  of  improving 
and  developing  spinning  machinery  has  become  the  everyday  task 
of  hundreds  of  men  unknown  to  fame.  In  the  course  of  mere  daily 
labour  and  in  pursuit  of  purely  business  aims,  the  machinists  of 
Great  Britain  have  changed  all  the  most  important  spinning  frames 
into  machines  which  the  original  inventors  could  not  recognize,  and 
most  probably  would  fail  to  understand.  While  all  this  is  to  the 
credit  of  British  mechanical  genius,  it  makes  the  work  of  the  his- 
torian incredibly  difficult.  Two  effects  are  produced.  One  is  that 
most  historians  of  our  industry  stop  the  record  with  the  name  of 
Richard  Roberts,  with  casual  mention,  perhaps,  of  a  few  minor 
inventors  in  the  succeeding  period.  Another  effect  is,  that  the 
variations  in  the  same  appliances  introduced  by  the  different  ma- 
chinists for  commercial  purposes  are  so  numerous  that  adequate  notice 
and  illustration  of  any  one  device  is  almost  impossible.  In  one 
factory  we  find  the  machines  of  one  maker  with  a  particular  form 
of    contrivance    for    backing    off    the    mule,     for    bringing    back    the 
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carriage,  for  lifting  the  copping  rail  of  the  throstle,  for  regulating 
the  drive  of  the  ring  frame;  in  another  factory,  built  by  a  different 
maker,  these  special  parts  are  wholly  different. 

Another  point,  pertinent  to  the  general  character  of  this  work, 
should  be  noted.  Every  fibre  brings  its  own  special  problems  to 
the  machine  inventor  and  builder.  Sometimes  it  is  difficult  to 
decide  whether  a  special  characteristic  of  a  machine  should  be  dis- 
cussed as  an  historical  development  or  as  mere  mechanical  detail. 
At  the  risk  of  seeming  too  general  and  too  brief  in  our  historical 
review,  we  reserve  for  the  chapter  devoted  to  practical  spinning 
the  modern  forms  of  all  the  typical  spinning  machines.  Even 
with  these  self-imposed  limitations,  the  task  of  selection  will  be 
difficult  enough. 

Effect  of  Spinning  Machinery  on  the  Workers. — The  most  im- 
portant raw  material  of  manufacture  is  the  labour  power  of  the 
workers.  To  leave  that  out  of  consideration  is  to  omit  the  most 
efficient  factor  in  the  whole  process.  One  question  must  be  faced, 
and  at  least  stated  clearly,  if  not  answered:  What  has  been  the  effect 
of  the  introduction  of  labour-saving  machinery  into  the  spinning 
trade  upon  the  skill  and  status  of  the  spinners  and  workers  on 
textile  yarns  generally?  It  has  often  been  asserted  that  the  machine 
breakers  were  shortsighted,  that  they  did  not  know  that  their  own 
interests  were  to  be  served  by  the  machines  they  sought  to  abolish. 
For  nearly  a  century  this  has  been  the  current  opinion  of  news- 
papers and  the  majority  of  newspaper  readers.  Coldly  regarded, 
and  from  a  purely  historical  standpoint,  the  belief  of  those  spinners 
that  the  machines  would  not  help  them,  that  they  were  in  every 
way  inimical  to  their  interests  as  spinners  and  workers,  appears 
wholly  correct  and  in  every  way  justified.  The  methods  they  took  were 
wrong  and  violent;  economic  forces  cannot  be  opposed  by  agitations 
and  wild  rioting;  the  struggle  only  brings  the  end  much  sooner  than 
quiet  endurance.  But  the  aims  of  the  spinners  were  right  and  just. 
They  sought  to  preserve  their  skilled  craft;  they  desired  to  maintain 
their  economic  independence;  they  knew  that  the  spinning  machines 
would  supersede  their  skill  and  destroy  their  independence.  Were 
the  spinners  wrong?  Even  in  its  early  beginnings  spinning 
machinery  served  to  lower  the  status  of  the  spinning  trade  as 
a  whole.  Because  the  workers  were  losing  what  skill  they  once 
had,  because  the  race  of  displaced  spinners  died  out  and  left  none 
but   those    who   had    been    brought    up    to    tend    machines,    and    the 
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imperfect  frames  were  being  badly  utilized,  the  manufacturers  cried 
out  for  more  and  more  automatic  machines.  There  are  now  few 
skilled  handicraft  spinners  in  Lancashire  or  anywhere;  the  spin- 
ning trade  has  been  degraded.  A  spinner  is  now  a  machine- 
minder,  a  labourer.  Production  of  spun  yarns  increases  yearly,  but 
the  number  of  spinners  decreases,  because  of  the  continuous  approxi- 
mation of  spinning  machines  to  automatic  perfection.  We  do  not  here 
choose  to  remark  the  economic  position,  saving  to  say  that  the  inde- 
pendent craftsman  is  now  a  wage  earner. 

These  facts  are  important  to  textile  manufacturers  and  all  inter- 
ested in  the  textile  industry.  If  the  labour  power  is  to  be  brought 
up  to  its  ancient  standard  of  efficiency,  if  every  worker  in  the  spin- 
ning factory  is  to  be  an  intelligent  spinner,  as  he  ought  to  be, 
and  must  be  if  the  industry  is  to  hold  its  own,  technical  education 
must  take  the  place  of  craft  training.  By  technical  education  we 
do  not  mean  the  college  courses  open  only  to  those  who  have  the 
means  of  studying  at  leisure,  but  trade  schools  open  to  all  workers, 
and  compulsory  attendance  on  the  part  of  every  worker  engaged  in 
the  industry. 


CHAPTER   V 
General  Considerations  on  Spinning 

Spinning  Ideals. — The  spinner  is  not  without  ideal  examples  of 
his  craft.  Engineers,  shipbuilders,  and  many  other  industrial  workers 
far  surpass  the  achievements  of  the  past;  they  have  to  make  their  own 
ideals ;  but  it  is  quite  different  with  the  textile  worker.  Let  him  obtain 
a  sight  of  the  textile  products  of  races  long  gone,  of  nations  deemed 
to  have  fallen  behind  in  the  race  for  supremacy  in  the  arts  of  civiliza- 
tion, and  there  he  will  see  cloths  and  yarns  which  excel  the  products 
of  his  own  factory.  It  may  be  that  the  makers  of  Cashmere  shawls, 
Dacca  muslins,  Aztec  veils,  and  Peruvian  robes  inherited  the  long 
labours  of  a  thousand  generations;  but  so  far  as  the  spinners  of  what 
we  call  modern  civilization  are  concerned  the  ideal  has  been  realized, 
and  belongs  rather  to  the  past  than  to  the  present  or  the  immediate 
future.  The  perfect  thread  is  not  to  seek;  it  has  been  made.  Textile 
workers  have  models  and  examples  in  plenty,  and  if  the  achievements 
of  the  past  are  helps  to  good  work,  no  industry  could  be  better 
equipped. 
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Textile  manufacture  was  an  art  before  it  became  an  industry.  The 
need  for  clothing  is  a  recent  growth;  but  cloth  is  a  symbol  of  dis- 
tinction, dignity,  sacredness,  in  the  eyes  of  naked  men.  "Society", 
says  Carlyle,  "is  founded  on  the  cloth."  From  the  perfect  thread 
springs  the  perfect  cloth.  Beauty,  with  her  attendants,  Wonder  and 
Love,  inspired  the  fingers  of  the  early  spinners,  and  bade  them  twist 
the  tender  filaments  of  flax  and  wool  and  cotton,  so  that  the  slender 
threads,  viewless  as  the  wind,  might  be  woven  into  soft  and  flowing 
draperies.  Governed  by  no  necessity,  but  impelled  by  the  idea  within 
them,  the  ancient  spinners  and  weavers  lingered  delightedly  over  the 
spinning  of  the  thread  and  the  weaving  of  the  cloth,  careful  that  no 
flaw  should  mar  the  harmony  of  the  whole.  The  tools  of  the  Hindu 
lady  spinner  were  mere  toys.  With  the  jaw  of  the  baleen  fish  she 
carded  the  cotton;  with  a  small  iron  roller  she  took  away  the  seeds, 
pressing  the  tresses  of  lint  on  a  flat  board;  twanging  the  string  of 
a  little  bow  over  the  heap  of  cotton,  she  opened  and  scutched  it; 
spreading  the  mass  with  her  hand,  she  made  it  up  into  small  rolls, 
fit  for  holding  in  the  palm,  while  finger  and  thumb  drew  out  the 
filaments.  Her  spindle  was  a  slender  iron  rod,  weighted  with  a  piece 
of  clay.  Yet  with  these  toys  the  Hindu  spinner  made  the  wondrous 
muslin  threads  which  were  woven  into  the  "webs  of  woven  air". 
We  read  that:  "The  Emperor  Aurungzebe  reproved  his  daughter 
because,  on  a  certain  court  occasion,  the  outline  of  her  form  could 
be  distinctly  seen  through  her  dress.  Her  defence  was  that  her 
covering  consisted  of  seven  complete  garments." 

Spinning  is  an  Art. — Spinning  is  an  art  still;  but  it  is  also  an 
industry.  The  ancient  Greeks  imagined  various  myths  descriptive 
of  the  degradation  which  befell  an  art  when  it  became  an  industry. 
Apollo  chained  to  the  mill,  and  the  manly  god  compelled  to  herd 
cattle,  were  two  of  the  many  myths  which  have  come  down  to  us 
as  figures  of  speech.  In  one  sense  utility  elevates  an  art;  but  de- 
gradation undoubtedly  takes  place  in  two  ways;  selectiveness  ceases 
to  be  strictly  exercised  in  the  choice  of  materials,  and  the  product  is 
judged  by  suitability  for  a  given  useful  purpose,  not  by  perfection  in 
itself.  In  the  realm  of  industry  also  economic  causes  govern,  and 
that  which  can  be  produced  at  the  smallest  cost  of  labour  is  the  most 
likely  to  be  preferred.  The  course  of  textile  history  during  the  past 
two  hundred  years  amply  illustrates  these  truths.  Under  domestic 
conditions,  and  the  combination  of  handicraft  with  agriculture,  the 
free   spinners    of   England   spun    threads   of   remarkable   quality   and 
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developed  a  skill  which  wellnigh  rivalled  the  highest  skill  of  the 
spinners  of  the  far  past  and  the  distant  East.  Then  the  factory  was 
established  and  the  free  craftsman  became  a  wage  earner,  losing  in- 
terest in  the  quality  of  his  product.  Later,  machinery  displaced  the 
craftsman,  still  further  lowering  the  average  quality  of  spun  yarns. 
Not  in  cotton  alone,  but  all  through  the  textile  industry,  in  wool, 
flax,  and  silk,  the  industrial  revolution  had  effect,  overturning  old 
systems  and  laying  down  the  rough  lines  of  the  new.  At  first  cheap- 
ness had  full  sway,  and  even  bred  a  cult  of  its  own  which  placed 
utility  upon  the  throne  of  beauty;  but,  one  by  one,  the  old  ideals 
returned  to  men,  and  took  up  their  abodes  in  the  new  factories.  Cloth 
merchants  required  not  only  cheap  cloths  but  finer  fabrics ;  weavers 
demanded  finer  and  finer  yarns,  and  complained  of  irregular  twist 
and  bad  spooling;  the  master  spinners  themselves,  having  behind 
them  a  tradition  of  better  things,  turned  their  attention  to  producing 
quality  as  well  as  cheapness  in  their  yarns.  Committed  to  mechanical 
production,  the  manufacturers  found  only  one  path  open  to  them — ■ 
only  by  careful  selection  of  raw  materials,  close  organization,  and,  most 
of  all,  by  the  improvement  of  machinery,  could  better  yarns  be  spun. 
Therefore  the  machinists,  formerly  a  band  of  despised  inventors,  rose 
to  power  in  the  trade,  and  were  encouraged  by  every  incentive  to 
devise  improved  machines.  It  soon  became  evident  that  upon  the 
shoulders  of  the  inventors  depended  the  whole  future  progress  of 
the  spinning  trade.  Happily  the  mechanical  genius  of  the  British 
people  was  equal  to  the  opportunity,  and  textile  spinning  machinery, 
though  some,  degrees  short  of  perfect,  may  be  depended  upon  to  spin 
yarns  equal  to  the  best  yarns  of  the  spinning  artists  of  old. 

The  ideal  fulfils  itself  in  many  ways.  The  deft  fingers  of  the  hand 
spinner  no  longer  available,  the  spinning  idea  fashions  the  machines 
of  iron  and  steel  to  its  purposes.  In  the  great  factory  not  less  than 
in  the  quiet  courts  of  an  Indian  palace,  the  love  of  beauty  and  the 
desire  for  perfection  need  expression,  because  the  human  heart  is  the 
same  everywhere.  Though  economic  law  seems  to  rule,  and  the 
voice  of  the  market  appears  supreme,  both  actually  subserve  the  ends 
of  a  higher  power. 

In  aiming  at  the  best  thread  and  the  best  method  of  spinning, 
we  have  always  to  keep  in  mind  that  the  spinner  is  the  servant  of 
the  weaver  in  the  main.  The  weaver  requires  warp  and  weft,  that 
is,  two  kinds  of  threads  wound  in  different  ways.  In  nearly  all  cases 
warp  is  the  harder,  firmer  thread,  and  mav  be  wound  on  bobbins  or 
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cops.  Weft  is  generally  finer,  softer,  and  less  firmly  twisted.  Wind- 
ingr  of  the  weft  involves  differences.  The  form  which  the  weaver  with 
the  power  loom  demands  is  the  solid  cop.  Wound  in  any  other  form 
the  weft  must  pass  through  one  or  two  operations.  If  supplied  to 
outside  weavers,  the  operations  are  doubled,  if  the  weft  has  been  spun 
on  the  bobbin-and-flyer  type  of  frame.  All  this  has  to  be  dealt  with 
at  length  hereafter,  but  it  is  a  preliminary  consideration  in  regard  to 
spinning  frames. 

Fineness  of  Yarns.  —  Meantime,  we  ask  what  are  the  qualities 
required  in  spun  threads?  Fineness,  soundness,  uniformity,  strength, 
and  regularity  of  winding  are  the  general  attributes  of  the  yarns 
which  command  the  confidence  of  the  weavers.  Coming  closer,  and 
dealing  with  yarn  qualities,  we  put  fineness  first.  The  finest  counts 
are  always  the  highest  qualities.  Here  we  encounter  a  formidable 
obstacle  to  the  unity  of  the  textile  trade.  No  common  measure  of 
yarns  has  yet  been  devised.  Cotton,  wool,  silk,  flax,  and  jute  have 
all  different  tables  of  measurement. 

Number  one  count  in  cotton  means  that  one  hank  containing 
840  yd.  weighs  i  lb.  Adopting,  for  the  nonce,  the  cotton  measure 
as  the  standard,  we  take  the  following  counts  as  the  highest  attained 
in  everyday  practice:  Silk,  400;  cotton,  300;  worsted,  160;  ramie,  120; 
flax,  60;  hemp,  30.  In  general,  it  may  be  taken  that  the  diameter  of 
a  fibre  is  the  measure  of  its  fine-spinning  capacity.  Considered  alone, 
this  would  mean  that  the  fineness  of  a  yarn  could  be  measured  by 
the  number  of  fibres  contained  in  the  transverse  section  of  the  thread. 
Say  that  100  fibres  is  taken  as  the  standard,  then  we  can  suppose 
that  the  relative  thicknesses  of  the  fibres  determine  the  counts.  We 
think  that  more  might  be  made  of  this  simple  idea  than  has  yet 
been  tried.  But  other  factors  come  into  the  problem.  Fibres  vary 
in  cohesion  and  strength,  and  not  in  direct  ratio  to  thickness.  A 
fine  fibre  is  soft;  another  of  almost  equal  fineness  is  hard;  a  fibre 
relatively  thick  has  strong  cohesive  quality;  some  thick  fibres  are 
harsh  and  difficult  to  spin.  More  potent  than  all  is  the  customary 
demand  of  the  market.  Woollen  threads,  for  example,  are  not  con- 
sidered by  us  in  relation  to  fineness,  because  the  requirement  of  the 
weaver  is  a  smooth,  regular,  yet  soft  and  strong  thread  of  good 
covering  quality.  These  questions  must  be  settled  in  detail  under 
the  special  sections  given  to  each  fibre.  Confining  ourselves  to  spin- 
ning ideals  in  general,  we  return  to  the  fact  that  fineness  is  the  first 
quality  desired   by  the  spinner.      If  he  can   attain   that  end  without 
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sacrifice  of  other  qualities  equally  necessary  he  has  achieved  much. 
To  take  a  concrete  instance,  we  would  point  to  the  fact  that  it  was 
the  finer  spinning  quality  of  cotton  which  displaced  flax  as  the  staple 
vegetable  textile  fibre  in  this  country.  Flax  had  everything  in  its 
favour.  It  could  be  grown  at  home;  the  people  had  attained  expertness 
in  spinning  it;  the  clothing  habits  of  the  population  were  in  accordance 
with  the  particular  form  of  the  fabrics  into  which  it  could  be  woven. 
But  cotton,  a  foreign  fibre,  novel  in  every  way,  came  and  put  linen 
out  of  the  market.  If  some  spinner  could  find  a  way  of  spinning  flax 
as  finely  and  as  cheaply  as  cotton,  the  battle  which  flax  has  lost  might 
be  fought  over  again  with  a  different  result.  For  fine  spinning  quality 
means  flexibility,  adaptability,  utility  for  any  and  every  purpose,  as 
the  continued  development  of  the  cotton  trade  decisively  proves. 

Strength. — Strength  is  the  quality  in  yarn  which  comes  next  to 
fineness  and  modifies  the  latter.  Three  factors  make  up  the  tensile 
strength  of  a  thread,  viz.  the  strength  of  the  fibres,  the  number  of 
fibres  in  the  thickness,  and  the  degree  of  twist.  While  twist  joins 
and  holds  the  fibres  together  it  does  not  add  to  their  strength;  on 
the  contrary,  twist  diminishes  the  power  of  the  individual  fibres.  The 
finer  the  fibres  and  the  stronger,  the  higher  the  count  to  which  that 
fibre  can  be  spun.  The  ideal  of  the  spinner,  therefore,  is  to  twist 
the  yarn  so  as  to  produce  a  thread  of  a  given  strength  with  the  fewest 
fibres,  and,  as  a  consequence,  of  the  highest  count.  How  far  we 
are  from  realizing  this  ideal  appears  from  the  statistics  compiled  by 
Dr.  Bowman,  which  show  that  little  more  than  27  per  cent  of  the 
available  strength  of  cotton  fibres  is  utilized.  Were  the  spinner  able 
to  make  a  thread  equal  in  strength  to  the  combined  strength  of  the 
fibres  composing  it,  all  spun  yarns  would  be  almost  trebled  in  tensile 
power.  It  may  be  admitted  that  this  is  an  impossible  aim,  because 
the  nature  of  things  precludes  it;  but,  with  all  deductions,  a  greater 
percentage  of  the  fibre  strength  might  be  utilized.  In  this  respect 
British  spinners  are  far  behind  the  best  Hindu  spinners. 

Uniformity,  Soundness,  Regularity. — We  group  these  three  quali- 
ties together  because  they  all  spring  from  the  one  source  and  depend 
upon  one  another.  By  uniformity  is  meant  equal  weight  to  length 
in  every  part  of  the  hank  or  batch  of  yarn,  combined  with  equal  degree 
of  twist  throughout  the  whole  length.  Soundness  implies  firmness 
of  texture  and  absence  of  lumps  and  flaws  in  the  body  of  the  thread. 
Regularity  means  sameness  of  quality  throughout,  whether  the  count 
be  high  or  low,  coarse  or  fine. 
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Every  practical  spinner  knows  that  a  high  degree  of  those  desirable 
qualities  is  yet  to  be  attained.  Even  in  cotton,  with  all  our  scientific 
appliances,  the  variations  in  a  single  count  amount  to  as  much  as 
lo  per  cent  on  the  strength  and  5  per  cent  on  the  weight.  Some 
first-class  yarns,  in  the  higher  ranges  of  counts,  may  show  more 
uniformity;  but  at  the  very  best  mechanical  spinning  leaves  much 
to  be  desired.  The  spinning  art,  framed  on  the  basis  of  operations 
by  a  highly  developed  sense  of  touch  in  the  human  fingers,  inspired 
by  an  artistic  impulse,  does  not  easily  conform  to  mechanical  pro- 
cesses, governed  by  economic  necessity.  Though  the  average  buyer 
of  cloths  hardly  heeds,  the  vast  difference  which  flawless  thread  makes 
in  the  weaving  of  a  cloth  may  be  understood  when  we  point  to  the 
fact  that  some  cotton  cloths  contain  190  threads  to  the  inch,  and 
90  threads  is  common  in  worsteds.  A  flaw  90  times  repeated  with- 
in, say,  10  sq.  in.  of  cloth  is  sure  to  have  a  distinct  effect  on  its 
quality.  Small  as  the  individual  flaws  may  be,  when  aggregated 
within  a  small  space  they  naturally  assume  prominence. 

Fitness. — The  grade  to  which  a  yarn  belongs,  and  the  purpose 
to  which  it  has  been  destined,  must  be  clearly  understood  by  the 
spinner.  Generically,  weft  yarns  are  soft  and  warp  yarns  are  hard; 
the  weft  is  supposed  to  contain  the  covering  quality  while  warp  gives 
strength  to  the  fabric.  In  present-day  practice,  however,  the  dis- 
tinction tends  to  disappear.  Moreover,  hardness  and  softness  are 
relative  qualities,  and  what  may  be  esteemed  soft  in  one  class  of 
yarn  may  be  considered  hard  in  another.  It  is  impossible,  therefore, 
to  lay  down  any  definite  theory.  Yet  we  find,  in  practical  work,  a 
good  deal  of  trouble  arises  from  lack  of  a  proper  appreciation  of 
what  is  fit  on  the  part  of  spinners.  No  matter  how  good  the  yarn 
may  be,  if  it  does  not  suit  the  particular  cloth  into  which  it  should 
be  woven  it  is  worse  than  useless.  Unfitness  most  frequently  occurs 
in  a  factory  where  weaving  and  spinning  are  both  carried  on,  a 
desire  for  economy  in  production  being  the  most  common  cause. 
Yarns  may  be  varied  within  small  limits;  a  low  count  may  be  spun 
up  to  a  count  or  so  above  it;  a  turn  or  two  of  twist  may  be  taken 
out;  but  if  the  narrow  margin  is  passed,  the  yarn  falls  into  a  class 
which  does  not  fit  the  purpose. 

Good  Winding. — The  last  ideal  in  spinning  to  be  considered  at 
this  point  is  in  regard  to  winding.  Here  the  hand  spinner  held  a 
great  advantage.  With  finger  and  thumb  she  could  direct  the  yarn 
on  to  the  spool   in  any  order  she  pleased.      As  a  rule  the  winding 


FLAX   AND    HEiMP   YARNS 


Upper  Panel:  Flax.  — i,  Dressed  Line  Sliver,     2,  Third  Drawinp;  Sliver.      3,  Fourth  Drawing  Sliver. 

4,  Roving.  5,  Courtrai  Yarn. 

Lower  Panel:  Hemp.  — i,  Dressed  Italian  Line.         2,  Italian  Line  Rove.         3,  Italian  Line  Yarn. 
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was  cop  shape,  running  in  a  succession  of  short  cones  from  the  base 
to  the  tip  of  the  spool.  No  better  shape  for  weaving  could  be  designed. 
To  imitate  that  shape  Hargreaves  put  the  faller  wire  on  the  spinning 
jenny,  hoping  that  the  lateral  pressure  of  the  wire,  regulated  by  the 
hand  of  the  spinner,  would  answer  the  same  purpose  as  the  finger 
and  thumb  of  the  hand  worker.  Next,  the  counter  faller  was  made 
to  supplement  the  faller,  and  between  them  they  have  guided  the 
winding  on  the  mule,  with  more  or  less  success.  On  the  other  hand, 
Arkwright's  water  frame  and  its  successors,  the  throstle,  the  ring 
frame,  and  the  tube-and-cap  frame,  wound  the  spun  yarn  on  a  bobbin, 
and  did  it  very  badly  at  first.  The  bobbin  does  not  profess  to  be  a 
weaving  spool,  and  frankly  leaves  the  task  of  making  spools  to  the 
reelers  and  winders,  but  it  is  not  on  that  account  wholly  exempt  from 
criticism.  Irregular  winding  on  means  added  trouble  for  the  reelers. 
Not  only  so,  but  the  act  of  winding  on  may  affect  the  quality  of  the 
thread.  The  strain  may  be  increased  as  the  spool  grows;  lack  of 
correct  adjustment  may  cause  alternate  slackness  and  drag  between 
the  two  parts  of  the  frame,  with  consequent  variation  both  on  spool 
and  yarn.  In  all  forms  of  winding  appliances  the  aim  is  to  lay  the 
thread  on  the  spool  in  regular  rounds,  firmly  and  evenly,  without 
strain,   building  up  a  solid  and  well-shaped  spool. 

The  Work  of  the  Spindles. — The  spinner's  tool  is  the  spindle. 
No  matter  what  may  be  the  form  or  class  of  the  frame,  the  ultimate 
test  of  its  efficiency  is  the  fitness  of  the  spindle  for  the  work  laid 
upon  it.  All  spinning  frames  are  mechanical  spindles.  In  the  midst 
of  elaborate  rnechanical  devices  we  may  lose  grip  of  this  important 
fact.  We  shall  be  able  to  understand  the  working  of  the  different 
frames,  and  what  may  be  expected  of  them,  if  we  examine  the  different 
spindles  of  the  various  machines  and  make  comparisons,  better  than 
by  attempting  to  view  each  machine  separately  and  as  a  whole.  Our 
survey  will  also  be  much  broader,  because,  while  one  type  of  machine 
may  only  be  employed  in  one  or  two  branches  of  the  industry,  the 
spindles  are  the  common  property  of  the  whole  of  textile  manufacture. 

The  following  spindles  are  at  present  in  use:  i,  the  mule',  2,  the 
bobbin  and  flyer,  or  throstle;  3,  the  cap;  4,  the  ring  traveller.  To 
these,  in  order,  we  shall  now  turn  our  attention. 

The  Mule  Spindle. — In  form  and  function  the  mule  spindle  is 
nearest  to  the  primitive  spinning  tool.  During  unknown  centuries 
the  long,  slender,  iron  rod,  with  the  heavy  whorl  on  its  end,  was  the 
sole  tool  of  the  spinner.     Balance,  symmetry,  and  point  have  always 

Vol.  III.  57 


90  SPINNING 

been  the  attributes  of  a  good  spindle,  and  ancient  workmanship  in 
this  department  compares  well  with  the  best  products  of  the  foundries 
of  the  present  day.  Perhaps  the  chief  differences  between  the  oldest 
and  the  newest  spindles  are  the  greater  size  of  the  latter,  and  the 
position  and  composition  of  the  whorl.  The  whorl,  originally  a  lump 
of  clay  or  other  heavy  substance,  is  now  of  finely  tempered  metal  and 
fixed  on  the  lower  half  of  the  spindle.  Simple  as  the  spindle  seems, 
it  involves  very  careful  workmanship  (fig.  141).  Tapering  from  base 
to  point,  the  whole  length  must  be  accurately  true,  so  that 
a  straight  line  drawn  from  the  one  end  to  the  other  cuts  an 
equal  and  graduated  section  at  every  millimetre  of  its  extent. 
On  the  lower  half  of  the  flyer  and  ring-frame  spindles,  we 
should  say,  there  is  no  taper,  because  no  difference  can  be 
admitted  between  the  distance  from  the  centre  of  the  spindle 
to  the  circumference  of  the  whorl,  no  matter  at  what  point 
it  may  be  fixed.  On  the  mule  the  spindle  is  held  in  a  base 
and  supported  by  a  bolster,  therefore  taper  on  the  lower 
half  is  greater;  and  base,  whorl,  and  bolster  require  accurate 
adjustment. 

Such  detailed  exactness  is  absolutely  indispensable,  be- 
cause it  is  the  point  of  the  spindle  which  spins.  On  the 
apex  of  the  slender  rod  the  thread  revolves  as  upon  its  own 
centre.  Let  us  imagine,  for  example,  a  magical  thread  which 
would  spin  itself  perfectly.  The  core  of  the  thread  would  be 
the  point  round  which  the  filaments  of  the  thread  would 
twist,  forming  a  complete  cylinder.  Magic  not  being  avail- 
Fig.  144.-      able  as  an  industrial  appliance  just  yet,  we  have  to  be  con- 
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tent  with  appliances  which  come  as  near  the  single  point  at 
the  core  as  possible.  The  apex  of  the  spindle  represents  the  desired 
point.  The  steadier  this  point,  therefore,  the  more  perfectly  its 
function  is  fulfilled.  If  one  side  of  the  spindle  is  heavier  than  the 
other,  if  the  central  point  of  the  spindle  describes  even  the  smallest 
of  circles,  the  layers  of  fibres  in  the  thread  will  be  unequally  disposed. 
Instead  of  being  a  straight  spiral  it  will  be  a  series  of  unequal  cones. 
Say  that  the  drawing  rollers  deliver  thread  to  the  spindles  at  the 
rate  of  300  in.  per  minute,  and  that  the  twist  required  is  twelve  turns 
to  the  inch,  the  spindle  must  either  revolve  at  the  rate  of  13,600  revolu- 
tions per  minute  or  revolve  for  a  given  period  after  the  rollers  have 
ceased  to  give  out  thread.  These  alternatives  are  possible  on  the 
mule   frame,    because    the    spinning   and   winding  actions    are    inter- 
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mittent,  the  carriage  bearing  the  spindles  out  to  the  full  stretch,  at 
least,  of  the  yarn  delivered  from  the  drawing  rollers,  and  the  winding 
on  taking  place  when  the  spinning  is  completed.  To  wind  on  the 
yarn  the  carriage  returns  to  close  touch  with  the  drawing  rollers, 
after  having  been  from  60  to  63  in,  distant.  Another  factor,  called 
technically  the  gain,  has  been  introduced  to  render  the  spinning  twist 
more  efficient.  The  carriage  travels  quicker  than  the  rollers  give 
out  yarn,  traversing  the  stretch  in,  say,  six  seconds,  thus  drawing 
out  3  in.  The  drawing  action  tends  to  pull  out  any  knots  or  thick- 
nesses in  the  thread,  and  gives  a  lineal  direction  to  all  the  component 
fibres.  Because  revolving  on  its  own  axis,  driven  by  a  point  at 
one  end,  while  held  horizontally  at  the  other,  the  thread  is  twisted 
evenly. 

Nothing  is  perfect  in  this  world.  The  great  speed  at  which  the 
spindle  is  driven  causes  vibration ;  the  centrifugal  motion  of  the  twist- 
ing frays  out  the  filaments;  the  many  other  conditions  under  which 
the  operation  takes  place  negate  the  perfect  practice  of  our  perfected 
theory.  But,  after  all  allowance  has  been  given,  there  is  no  doubt 
that  the  mule  spindle  spins  the  finest  of  all  mechanically  spun  threads. 

The  spindle  also  winds  on  the  thread.  With  the  mechanism  by 
which  this  is  accomplished  we  have  nothing  to  do  for  the  present; 
it  is  the  spindle  itself  which  concerns  us.  Superficially  regarded, 
the  slender  steel  rod  would  seem  to  offer  an  ideal  basis  for  the  forma- 
tion of  weaving  cops;  but  the  spindle  tapers,  and  therefore  does  not 
afford  a  completely  even  core  for  the  cop.  With  a  hand  spinner 
the  difference  signifies  little,  because  a  tapering  cop  would  be  the 
only  effect.  Mechanical  winding,  however,  depends  for  its  solidity 
upon  the  size  of  the  core  being  uniform.  To  obviate  the  difficulty 
many  ingenious  contrivances  have  been  devised ;  but  though  the 
worst  effects  of  the  tapering  form  of  the  spindle  have  been  mitigated, 
the  problem  still  remains  unsolved.  The  cops  still  tend  to  softness 
at  the  points. 

The  Bobbin-and-flyer  Spindle  Action. — We  have  already  closely 
examined  various  forms  of  the  bobbin  and  flyer.  The  spinning  twist 
is  put  in  by  the  flyer  and  spindle,  the  amount  of  twist  being  determined 
by  the  difference  between  the  surface  speed  of  the  front  roller  and  the 
number  of  revolutions  of  the  flyer.  Here  there  is  no  difference  in 
principle  from  the  mule  frame,  but  the  twisting  action  is  very  different. 
Instead  of  being  a  point  on  the  centre  of  the  axis  of  the  thread,  the 
cup  of  the  flyer  is  external  to  the  axis,  working  the  fibres  into  a  spiral 
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from  the  outside.  In  actual  practice  the  difference  is  slight,  and  may 
be  esteemed  an  advantage  for  some  kinds  of  fibres.  Strictly  analysed, 
a  thread  spun  on  the  throstle  has  no  core,  the  whole  of  the  fibres 
twisting  round  each  other  in  an  even  spiral.  One  thing,  however,  is 
worthy  of  note.  The  thread  is  led  through  the  orifice  in  the  head 
of  the  flyer,  and  the  orifice  is  of  some  diameter,  ranging  from  about 
I  in.  to  less  than  J  in.  This  means  that  the  thread  has  an  oscilla- 
tion of  that  breadth,  tending  to  make  the  turns  alternately  tight  and 
slack  as  the  thread  goes  from  the  side  nearest  the  rollers  to  the  side 
farthest  away. 

Most  of  the  defects  of  the  throstle  have  been  corrected,  and  those 
mentioned  are  so  slight  as  to  be  of  little  practical  moment;  but  these 
slight  faults  may  easily  become  exaggerated  through  one  thing  or 
another,  and  the  spinner  should  know  in  what  directions  to  look  first. 

On  many  old  frames,  the  rollers  stand  horizontally.  The  heads 
of  the  spindles  and  flyers  being  immediately  below  them,  the  yarn 
issuing  from  the  grip  of  the  rollers  impinges  against  the  surface  of 
the  lower  roller,  thus  restricting  the  twist.  For  many  years  machinists 
debated  whether  or  not  the  defect  could  be  remedied ;  but  some 
practical  genius  saw  that  the  way  out  was  to  bring  the  flyer  and 
rollers  into  such  relative  positions  that  the  yarn  would  go  straight 
from  the  nip  to  the  head  of  the  flyer  spindle.  To  tilt  up  the  bobbin 
and  flyer  was  difficult,  involving  changes  in  the  machinery.  The 
practical  alternative  was  to  tilt  up  the  rollers.  New  machines  are 
nearly  all  made  with  the  front  rollers  set  on  a  stand,  tilting  them 
over  to  an  angle,  so  that  the  nip  of  the  upper  and  under  rollers 
hangs  over  the  head  of  the  spindle.  Passing  directly  into  the  twining 
head  of  the  flyer  on  the  apex  of  the  spindle,  and  firmly  held  by  the 
drawing  rollers,  the  yarn  is  in  a  good  position  for  being  properly 
spun. 

Cap  Frame. — In  one  sense  the  flyer  seems  to  be  a  departure  from 
the  spindle-spinning  principle.  In  it  the  spindle  is  apparently  the 
driving  shaft  and  holder  of  the  spinning  agent.  The  inventor  of  the 
cap-and-tube  frame  grasped  the  meaning  of  the  departure  and  sought 
to  carry  it  farther.  He  decided  to  make  the  bobbin  itself  the  spinner 
and  to  dispense  with  the  spindle;  but  the  spindle  cannot  be  altogether 
discarded — it  is  needed  for  the  central  axis  and  other  purposes.  Firmly 
riveted  in  the  bolster  rail,  the  spindle  passes  up  through  the  tube 
carrying  the  bobbin,  and  is  crowned  by  the  cap  which  has  been  such 
a  mystery  to  many  spinners  (fig.  145).     A  solid  cone  or  bell  of  metal, 
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Upper  Panel:  Jute. — i,  Finished  Drawing.         2,  Roving.         3,  Jute  Yam. 

Lower  Panel:   Ramie. — l,  Combed  Sliver.      2,  Dry-spun  and  Dry-douliled  (2/i6s  cotton  count)  yarn. 

3,  Bleached  and  Dry-spun  (2/15S  cotton  count)  yarn.  4,  Dry-spun 

and  Wet-doubled  (2/20S  cotton  count)  yarn. 
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the  cap  is  screwed  on  the  apex  of  the  spindle  and  comes  down  over  the 
bobbin,  the  length  being  sufficient  to  cover  the  whole  barrel.  The  base 
of  the  tube  rests  on  a  lifter  rail,  which  carries  the  bobbin  up  and  down 
within  the  cap.  The  tube  is  elaborately  shaped.  At  the  bottom  is 
the  base,  consisting  of  a  brass  ring  fitted  to  revolve  in  a  groove  on 
the  rail ;  next  above  is  the  broad  whorl  or  wharve,  which  affords  a  wide 
surface  for  the  driving  band ;  the  upper  flange  of  the  whorl  forms 
the  base  on  which  rests  the  bobbin.  From  tip  to  base  the 
smooth  tube  lines  the  whole  structure.  A  light  tube  running 
on  such  broad  bearings  can  be  driven  at  almost  any  speed, 
and  this  is  one  of  the  advantages  claimed  for  the  frame; 
10,000  revolutions  per  minute  is  a  rate  not  uncommon. 

We  have  been  careful  to  detail  the  features  of  the  cap 
frame,  because  outside  observers  fail  to  appreciate  the  manner 
of  its  working.  From  the  drawing  rollers  the  thread  is  passed 
through  the  eye  on  the  thread  board,  down  under  the  base  of 
the  cap  and  on  to  the  bobbin.  Driven  at  the  speed  required, 
the  bobbin  twists  the  thread.  By  itself  the  bobbin  is  a  twist- 
ing agent  only,  having  absolutely  no  power  of  winding.  It 
is  this  fact  which  has  confused  many  students  of  the  cap 
frame.  Whence  comes  the  winding  action?  This  is  the 
function  of  the  cap.  Interposed  in  the  path  of  the  thread  to 
the  bobbin,  the  edge  of  the  cap  imposes  a  certain  degree  of 
drag  upon  it.  That  small  amount  of  friction,  if  unsupported 
by  any  other  agency,  would  be  quite  unable  to  perform  the 
winding;  but  the  swing  of  the  thread  through  the  air,  and 
the  centrifugal  force  developed  by  the  speed  of  the  bobbin  cap-frame 
itself,  add  large  powers  to  the  cap  and  make  up  the  drag 
necessary.  Driven  by  the  speed  of  the  bobbin  round  the  circular 
edge  of  the  cap,  the  thread  is  twisted;  held  back  from  following  the 
bobbin  to  the  ratio  of  revolution  necessary  for  winding  on  the  length 
delivered  by  the  front  roller,  the  thread  is  wound  round  the  bobbin. 
The  principle  is  the  same  as  the  principle  of  the  flyer,  but  acting  in 
the  reverse  way;  in  the  latter  case  the  flyer  puts  in  the  twist  and  the 
bobbin  drags  for  the  winding;  in  the  former  case  the  bobbin  puts 
in  the  twist  and  the  cap  and  other  forces  put  on  the  winding  drag. 
Simpler  and  more  direct  in  its  action,  the  cap  frame  can  be  driven 
at  much  higher  speed  than  the  fly  frame.  On  the  other  hand,  the 
fly  frame  is  the  more  certain  in  its  action,  because  more  dependence 
is  put  upon  mechanical  agents. 
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The  cap  frame  is  a  typical  product  of  that  American  genius  which 
is  quick  to  utiHze  the  intangible  powers  of  the  air.  The  flight  of 
the  thread  opens  it  out,  imparts  to  it  a  sail  nature,  and  gracefully 
adjusts  the  filaments  to  the  twist  according  to  their  length  and  weight; 
but  the  practical  difficulty  of  assigning  the  proportions  of  drag  to 
the  different  agents  is  one  of  great  complexity  and  almost  impossible 
of  solution.  Yet  some  nearness  to  measure  of  the  forces  is  almost 
necessary.  By  practical  experiment  the  total  weight  of  the  drag  has 
been  found;  variations  in  the  pull  of  the  combined  forces  have  been 
observed;  one  cause  of  the  variations  has  been  ascertained.     Suppose 

the  space  between  the  in- 
terior side  of  the  cap  and 
the  bobbin  barrel  is  2|  in. 
at  the  start,  and  the  distance 
between  them  at  the  time 
the  bobbin  is  full  has  been 
reduced  to  ^  in.,  the  angle 
at  which  the  thread  crosses 
the  small  space  must  be 
greater  than  when  it  crosses 
the  larger  space.  The  speed 
of  the  bobbin  and  the  circle 
of  the  cap  being  constant, 
the  friction  of  the  smaller 
angle  must  be  stronger  than  the  friction  on  the  greater  angle.  Add 
to  this  the  fact  that  the  friction  should  be  less  when  the  bobbin  is 
full  and  we  have  a  problem  of  some  magnitude  to  face.  In  actual 
practice  we  find  that  the  thread  is  apt  to  break  in  the  early  stages  of 
winding,  and  the  twist  of  the  thread  tends  to  become  soft  when  the 
bobbin  fills.  An  expanding  cap  would  meet  the  difficulty,  but  no 
ingenious  mechanic  seems  to  have  been  able  to  devise  such  a  cap 
suitable  for  the  purpose. 

One  improvement  has  been  made  on  the  cap  frame  which,  to  a 
small  degree,  has  lessened  the  evil  of  variable  drag.  Instead  of 
making  the  lifter  plate  traverse  the  whole  length  of  the  bobbin  and 
so  making  a  cylindrical  spool,  the  traverse  of  the  lifter  is  reduced 
and  the  bobbin  wound  cop  fashion. 

Critics  of  the  cap  frame  have  found  another  objection  in  the  tendency 
of  the  thread  to  wind  itself  round  the  cap.  "Licking",  as  the  fault 
is  technically  named,  has  never  been  theoretically  explained;   in  fact, 


Fig.  146. — Diagrams  of  Cap-frame  Spindle 
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everything  would  seem  to  point  to  the  impossibility  of  the  occurrence. 
In  practice,  however,  licking  does  take  place,  and  it  would  seem  to 
have  some  relation  to  the  speed  of  the  lifter.  If  the  yarn  is  either 
carried  under  the  bell  of  the  cap  or  held  on  the  bobbin  away  from 
the  edge,  licking  occurs.  By  hypothesis  the  thread  should  always 
wind  on  the  point  of  the  bobbin  nearest  to  the  edge  of  the  cap;  but 
through  some  mysterious  concomitance 
of  forces  it  does  not  obey  the  rule,  and 
licking  is  the  consequence.  A  slight 
change  in  the  speed  of  the  lifter  gener- 
ally has  the  effect  of  stopping  the  occur- 
rence for  the  time.  From  close  observa- 
tion it  appears  that  the  yarn  bends  in 
under  the  cap  when  the  lifter  is  working 
quickly  on  the  upstroke  (fig.  146,  a); 
when  the  yarn  is  running  slowly  and  the 
lifter  falling  rapidly,  the  yarn  slants 
downwards  from  the  cap  edge  to  the 
bobbin  (fig.  146,  b);  if  the  lifter  works 
at  a  slower  ratio  than  the  yarn  is  de- 
livered from  the  front  roller,  the  yarn 
will  touch  the  bobbin  at  right  angles 
with  the  edge  of  the  cap  (fig.  146,  c); 
lastly,  should  the  speed  of  the  lifter  be 
too  great  for  the  running  of  the  yarn, 
licking  will  take  place  (fig.    146,  d). 

On  the  whole  the  cap  frame  does 
very  good  work  and  produces  with  great 
rapidity. 

Ring  Traveller  Frame. — On  the  ring 
frame  the  winding  agent  is  apart  from  the  spindle  altogether,  but  the 
spindle  takes  up  an  active  function.  Through  the  medium  of  the 
bobbin,  which  is  firmly  fixed  to  the  spindle,  as  we  have  seen  in  examin- 
ing the  ring  frame  historically,  the  twist  is  effected  by  the  latter.  The 
bobbin  also  revolves  on  the  cap  frame,  but  round  the  spindle,  and  the 
difference  is  very  important,  though  it  may  seem  slight  to  those  not 
acquainted  with  the  fine  issues  involved  in  textile  spinning.  On  the 
cap  frame  the  tube  revolves  round  the  spindle,  but  in  the  ring  frame 
the  centre  of  revolution  is  the  spindle  itself.  It  is  agreed  that  the 
mule  spindle  is  the  finest  of  spinning  agents,  because  the  very  centre 


Fig.  147. — Ring  Action 
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Fig.  148.— Ring  Plate 


of  the  spindle  is  the  spinning  point.  Though  not  playing  so  directly 
on  the  extremity  of  the  thread,  the  spindle  of  the  ring  frame  comes 
very  near  to  the  perfection  of  the  mule. 

Winding  and  spinning  on  the  mule  are  intermittent  actions,  and 
the  idea  of  the  inventor  of  the  ring  frame  (fig.  147)  was  to  make  both 
actions  simultaneous  and  continuous.  But  the  spindle  is  bare  and 
without  winding  appliance,  therefore  an  independent  winding  agent 
had  to  be  discovered,  and  this  was  found  in  the  ring  traveller. 

The  cap  frame  had  shown  that  a  drag  external  to  the  spindle, 
and  acting  between  the  delivering  and  the  spinning  agents,  woula 
not  affect  the  efficiency  of  the  twist,  provided  that  the  freedom  of 
the  thread  was  retained.      The  discovery  was  of  immense  value,  and 

may  yet  have  untold 
effect  upon  the  de- 
velopment of  spin- 
ning frames.  Super- 
ficially it  would  seem 
that  any  hook  or 
catch  between  the 
delivering  rollers 
and  the  spindle  would  interpose  to  prevent  twist,  but  the  fact  has 
turned  out  quite  otherwise. 

The  ring,  as  we  have  said,  is  in  the  lifter  plate  (fig.  148),  and  fixed 
so  that  the  spindle  comes  up  exactly  in  the  centre.  On  the  ring  the 
steel  hook  named  the  traveller  is  caught,  the  two  ends  biting  in  over 
the  flanged  edge,  loosely  fitting  under  the  flange  and  showing  an  open- 
ing between  it  and  the  upper  surface  of  the  ring.  Such  a  hook  will 
easily  revolve  round  the  ring  and  admit  a  thread  to  pass  under  it,  for 
the  traveller  must  run  freely  round  the  ring  and  hold  the  thread. 

Now  let  us  closely  observe  the  twisting  and  winding  agents  as 
they  carry  on  their  special  duties  (fig.  149).  Driven  at  the  rate  of,  say, 
8000  revolutions  per  minute,  the  spindle,  with  the  bobbin  firmly  fixed 
upon  it,  twines  the  thread  as  it  issues  from  the  grip  of  the  front 
drawing  rollers.  The  rollers  deliver  thread  at  the  rate  of  650  in.  per 
minute;  the  spindle  therefore  imparts  about  twelve  turns  to  the  inch 
on  the  thread.  While  twisting,  however,  the  spindle  has  no  winding 
power,  and  the  thread  is  being  delivered  with  great  rapidity.  This 
is  the  function  of  the  traveller.  Led  through  the  hook,  the  thread 
is  fixed  to  the  bobbin ;  as  the  latter  is  revolving  at  high  speed  it 
must  drag  the  hook  along  with  it.     Two  things  happen  here.     First, 
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the  traveller  drags  at  the  thread  by  its  weight;  second,  the  thread 
given  off  by  the  rollers  passes  through  the  hook.  By  the  drag  the 
thread  is  given  direction  and  wound  on  the  bobbin;  the  thread,  being 
the  connecting  link  between  the  bobbin  and  the  traveller,  carries  the 
traveller  round  at  so  much  less  speed  than  the  bobbin  as  the  length 
of  yarn  being  given  out. 

Some  other  factors  have  now  to  be 
taken  into  account  before  the  ring  frame 
can  be  fully  understood.  From  the  thread 
board  to  the  ring  the  thread  flies  through 
the  air  and  balloons  out,  adding  a  good 
deal  to  the  drag  of  the  traveller  on  the 
thread  and  opening  out  the  fibres  to  the 
twisting  action  of  the  spindle;  but  the 
size  of  this  balloon  is  varied,  while  on 
the  cap  frame  it  always  remained  of  the 
same  size.  The  ring,  as  has  been  seen, 
is  on  the  lifter  plate.  Carried  up  and 
down,  in  a  gradually  heightening 
traverse,  the  lifter  plate  diminishes  the 
distance  from  the  thread  board  to  the 
traveller;  it  thus  lessens  the  balloon, 
and  therefore  the  drag,  by  alternate  yet 
progressive  motion.  A  certain  difference 
must  be  shown  on  the  winding;  the 
increasing  size  of  the  bobbin,  however, 
to  a  certain  extent  compensates  for  the 
lessening  of  the  drag.  The  subject  is 
still  rather  obscure,  practical  men  having 
various  theories,  and  the  contributing 
forces  being  practically  incalculable. 

In  treating  of  the  cap  spindle  we  noted  that  the  angle  between 
the  bobbin  when  full  and  the  rim  of  the  cap  was  greater  than  the  angle 
between  the  rim  and  the  empty  bobbin.  On  the  ring  frame  the  same 
difficulty  occurs  in  a  worse  form.  Say  that  between  the  empty  bobbin 
and  the  ring  i  in.  of  space  intervenes,  and  that  between  the  ring  and 
the  full  bobbin  only  ^  in.  remains.  We  have  here  conditions  exactly 
the  opposite  of  what  we  would  choose.  We  require  less  rather  than 
more  drag  on  the  full  bobbin  than  upon  the  empty  one.  If,  for  ex- 
ample,  we  put  a  very  small   bobbin  on,  so  that  the  traveller  would 


Fig.  149. — Section  of  Ring  Frame 

A,  Ring.      B,  Traveller.      c,  Lifter  plate. 
D,  Whorl.       E,  Bobbin.       F,  Drawing  rollers. 
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be  at  right  angles  with  the  point  of  winding,  the  thread  would  come 
through  the  traveller  without  any  drag  at  all,  and  so  the  whole  force 
of  the  bobbin  would  be  concentrated  upon  the  thread.  The  result, 
of  course,  would  be  a  break;  but  in  everyday  work  a  certain  minimum 
of  drag  is  put  upon  the  thread  by  the  traveller,  both  by  the  ballooning 
of  the  thread  and  by  the  slight  lessening  of  the  angle  which  compels 
the  bobbin  to  draw  the  traveller  round.  The  fact  remains,  however, 
that  the  drag  increases  with  the  growth  of  the  bobbin,  whilst  the 
opposite  is  the  object  to  be  desired,  because  the  increasing  circum- 
ference of  the  bobbin  requires  slower  winding. 

The  ideal  would  be  a  ring  which  would  start  within  I  in.  of  the 
empty  bobbin  and  widen  out  to  |  in.  from  the  surface  of  the  full 
bobbin.  Some  attempts  have  been  made  to  devise  such  a  ring,  but 
none  has  been  so  successful  as  to  be  adopted  by  the  fine  spinners  of 
this  country. 

Ring  spinning  has  been  commercially  successful,  but  the  best 
authorities  have  a  very  low  opinion  of  the  frame.  "Spinning  by 
brute  strength  "  is  how  a  great  manager  of  cotton  mills  described  it 
to  us  once.  The  frame,  however,  has  its  merits,  and  it  has  come  to 
stay.  Easily  worked  and  immensely  productive,  it  will  always  be 
favoured  by  those  who  desire  cheap  yarns.  If  regularity  is  not 
specially  required,  the  ring  frame  may  be  employed  on  yarns  of  fine 
quality. 

In  the  foregoing  we  have  adopted  a  critical  attitude  towards  all 
the  spinning  frames,  because,  at  the  outset,  we  began  with  the  ideal. 
Mechanical  spinning  has  yet  to  be  improved  before  it  can  arrive  at 
the  production  of  threads  equal  to  those  made  by  the  artists  of  Dacca, 
of  China,  of  Peru.  We  say  "artists"  advisedly,  because  many  of 
the  commercial  products  of  ancient  and  Eastern  spinners  were  even 
lower  in  quality  than  the  products  of  the  common  ring  frame.  In  the 
industrial  markets  two  qualities  win — cheapness  and  fitness.  Neither 
precludes  effort  after  excellence.  On  the  one  hand,  the  gradual  per- 
fection of  machines  will  bring  cheapness;  on  the  other  hand,  the 
general  taste  is  year  by  year  rising,  the  level  of  culture  is  being 
elevated,  and  the  excellent  and  the  fit  will  one  day  be  almost 
synonymous  terms. 


PRACTICAL   SPINNING  99 

CHAPTER   VI 
Practical   Spinning 

Practical  Spinning. — The  spinning  room  is  the  heart  of  the  textile 
industry.  Towards  it  all  the  raw  material  runs  in  course  of  prepara- 
tion ;  from  it  come  the  yarns  which  make  threads,  twines,  ropes,  laces, 
hosiery,  and  all  kinds  of  cloths.  Upon  the  efficiency  of  the  spinner 
depends  the  welfare  of  textile  manufacture.  Spinning  has  not  yet 
been  recognized  as  a  trade  common  throughout  the  whole  textile 
industry;  the  spinners  of  cotton  have  little  in  common  with  the 
spinners  of  worsteds,  and  neither  class  feels  fellowship  with  the 
spinners  of  flax  and  jute.  In  essence,  however,  all  spinning  is  the 
same,  no  matter  upon  what  fibre  it  may  operate.  When  the  principles 
common  to  all  spinning  have  become  generally  known  and  practically 
applied,  unification  of  the  whole  trade  will  be  possible.  At  present 
the  workers  upon  the  various  fibres  specialize,  and  we  must  accept 
things  as  they  are.  Our  duty,  therefore,  is  to  take  the  operator's 
part  in  every  separate  industry,  at  every  kind  of  machine,  and  carry 
through  each  process.  At  the  same  time,  however,  only  the  general 
principles  of  each  machine  will  be  given  in  the  first  instance,  the 
fibres  following  being  treated  to  show  the  special  difference  in- 
volved. 

Cotton  Spinning  on  the  Mule. — No  machine  invented  by  man 
attempts  to  do  so  much  as  the  highest  form  of  mule  spinning  frame. 
In  a  general  way  the  spinning  frame  is  expected  to  perform  three 
operations:  i,  drawing;  2,  twisting;  3,  winding.  But  these  three 
operations  are  each  divided  into  minor  acts,  each  one  of  which  has 
its  own  mechanisms  and  gearing.  Drawing,  for  example,  is  usually 
assumed  to  be  the  function  of  the  drawing  rollers,  but  the  mule 
carriage,  by  two  other  combined  motions,  supplements  the  action  of 
the  rollers.  Similar  refinements  of  motion  take  place  in  the  twisting 
and  winding.  The  mechanisms  interact  with  each  other  in  a  highly 
complex  way,  constituting  the  mule  headstock  a  veritable  magazine 
of  deftly  combined  mechanical  motions. 

I.  Drawing. — On  the  back  of  the  frame,  or  in  the  centre  of  the 
double  frame,  we  find  the  roving  creel.  For  various  purposes,  which 
the  reader  is  not  yet  prepared  to  understand,  the  creel  may  be  double ; 
but  we  prefer  to  take  the  single  creel.  It  is  an  iron  frame,  fitted  with 
three  rows  of  pegs,  one  above  the  other,  thread  guides  standing  out 
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from  the  frame.  At  the  base  of  each  peg  is  a  smooth  disc,  to  reduce 
to  a  minimum  the  friction  of  unwinding  the  bobbin. 

The  operative  leads  the  thread  from  each  bobbin  down  into  the 
wire  hook  fixed  on  the  oscillating  thread  guide  behind  the  back 
drawing  rollers.  Thence  the  soft  roving  passes  into  the  grip  of  the 
back  rollers,  the  upper  or  pressing  roller  being  leather- covered,  and 
the  lower  roller  of  iron,  with  very  small  and  irregular  flutings  on  its 
surface.  Some  drawing  rollers  are  plain,  but  when  the  draft  is  great 
fluting  is  necessary.  On  the  old  frames  the  rollers  were  corrugated 
equally  all  round,  with  the  effect  that  the  leather  of  the  top  roller 
soon  took  on  the  impression  of  the  flutes  and  became  useless.  Irregular 
fluting,  combined  with  the  difference  in  the  diameter  of  top  and  bottom 
rollers,  render  it  impossible  for  the  same  impression  to  be  struck  twice 
on  the  roller  at  the  same  spot.  Passing  in  between  the  middle  pair 
of  rollers,  the  roving  is  taken  into  the  grip  of  the  front  rollers.  The 
main  burden  of  the  draft  falls  upon  the  front  rollers,  which  revolve 
as  many  times  more  quickly  than  the  back  rollers  as  the  draft  of  the 
roving  requires.  On  fine  mule  frames  the  ratio  is  as  high  as  twelve 
to  one. 

In  all  this  there  is  nothing  more  than  we  have  already  seen  on 
the  drawing  frames.  The  rules  for  calculating  and  changing  drafts 
on  this  part  of  the  mule  are  the  same  as  given  for  the  drawing  frames, 
but  fresh  factors  now  come  in.  The  mule  carriage,  with  its  shining 
row  of  spindles,  has  been  brought  up  close  to  the  thread  board  just 
under  the  front  rollers,  the  tips  of  the  spindles  directly  below  the 
point  of  delivery.  While  the  drawn  thread  has  been  coming  out 
from  between  the  front  drawing  rollers  the  carriage  has  been  retreat- 
ing, each  spindle  bearing  on  its  point  a  thread  held  taut.  In  fact, 
the  carriage  is  pulling  quicker  than  the  roller  runs  and  stretches  the 
yarn.  This  has  been  called  the  "gain",  because  the  carriage  gains 
on  the  front  roller,  running  a  stretch  of  about  60  in.  while  the  roller 
only  revolves  57  in.  or  slightly  less.  At  this  moment  the  drawing 
rollers  cease  motion ;  the  carriage  is  also  checked,  but  not  altogether, 
for  it  slowly  moves  out  to  the  end  of  the  rail,  which  is  another  3  in. 
Known  as  the  ** jacking  motion",  this  movement  is  meant  to  search 
the  whole  stretch  of  drawn  yarn  for  thick  places,  which,  being  softer 
than  the  rest  of  the  line,  will  yield  to  the  draw  first.  At  the  same  time 
the  spindles  have  been  twisting  and  therefore  shortening  the  length 
of  the  thread;  the  double  action  imposes  a  strain  which  even  the 
twist  may  not  enable  the  thread  to  bear;  but  at  the  end  of  the  jacking 
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motion  the  drawing  rollers  again   slowly  move,  giving  out  as  much 
yarn  as  relieves  the  severity  of  the  tension. 

True  to  its  origin,  the  mule  follows  closely  up  after  the  methods 
of  the  hand  spinner.  When  the  spinner  got  the  mule,  he  could 
cunningly  manipulate  its  motions  to  add  to  the  draft  of  the  drawing 
rollers  a  draft  still   finer.     After  the  machine  had  done  all   it  could, 
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Fig.  150. — Front  Elevation  of  Mule  Ileadstock 
A,  Rim  pulley,     b,  b,  Carriage,     c,  c,  Front  of  drawing  rollers.     D,  Endless  cord.     E,  Tin  roller.     F,  Bracket. 

he  deftly  drew  the  carriage  slowly  out,  knowing  by  touch  and  skill 
born  of  experience  when  to  stop,  still  further  refining  the  thread. 
Imitative  of  the  refining  action  of  the  hand  spinner  the  jacking  motion 
was  devised.  Some  spinners  dispense  with  the  ''gain  "  of  the  carriage, 
relying  on  the  jacking  motion  alone,  which  is  fairly  long  in  such 
cases. 

The  action  of  the  mule  described  is  of  the  finest  type,  and  designed 
to  spin  the  highest  counts  of  yarns,  ranging  from  90s  up  to  350s. 
Mixed  Sea-island  and  Egyptian  is  generally  the  cotton  spun  to  the 
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latter  count  For  lower  counts  and  coarser  grades  of  cottons  the  action 
of  the  mule  is  simpler  and  more  direct. 

2.  Twist. — On  the  head  of  the  carriage,  driven  by  tin  drums,  the 
spindles  revolve  and  twist  the  thread  while  the  carriage  runs  outward, 
carrying  the  lengthening  lines.  On  fine  yarns  the  turns  of  twist  may 
be  40  to  the  inch ;  the  front  roller  delivers  yarn  at  the  rate  of  300  in. 
per  minute.  If  the  drawing-frame  formula  were  accepted  here,  the 
spindles  would  require  to  revolve  at  the  enormous  speed  of  12,000 
revolutions  per  minute.  Fortunately,  however,  we  are  ruled  by  quite 
a  different  standard  on  the  mule.  As  we  have  seen,  the  spindles  con- 
tinue to  twist  after  the  rollers  have  ceased  delivery.  One  advantage 
of  the  mule  over  all  other  frames  is  that  we  can  choose  what  moment 
seems  best  for  putting  in  the  twist,  and  what  degree  of  twist  may 
appear  necessary.  On  what  are  called  hand  mules  and  the  higher  class 
of  self-actor  mules,  devoted  to  the  production  of  the  highest  counts  of 
yarns,  the  twist  put  in  while  the  carriage  is  going  out  is  inconsiderable, 
just  sufficient  to  hold  the  fibres  together.  This  gives  the  attenuating 
action  of  the  gain  or  the  jacking  motion  free  play,  rendering  fine  draw- 
ing much  easier.  After  the  jacking  motion  has  finished,  the  spindles 
are  quickened,  running  for  a  few  moments  at  the  highest  rate  of  speed. 
Of  course  some  method  of  calculating  the  twist  must  be  adopted;  the 
frame  cannot  run  haphazard;  its  motion  is  determined  by  the  relations 
of  the  various  wheels  in  the  apparatus  controlling  that  part  of  the 
machine.  The  following  is  a  series  of  formulae  which  may  be  applied 
to  any  ordinary  mule: — 

The  number  of  turns  per  inch  equals  the  number  of  turns  of  the 
spindle  in  a  given  time,  divided  by  the  number  of  inches  delivered 
by  the  front  roller  in  the  same  period. 

This  supposes  that  the  motion  of  the  frame  is  regular  and  constant; 
the  varied  speed  of  the  spindles  we  have  noted  above  would  throw 
that  calculation  out,  or  at  least  we  would  require  to  average  the  turns 
of  the  spindle  during  the  whole  time  of  revolution. 

To  find  the  number  of  turns  of  the  spindle  for  one  turn  of  the 
rim  is  very  useful.  Suppose  the  tin -roller  pulley  to  be  12  in.  in 
diameter,  the  tin  roller  6  in.,  the  spindle  wharves  f  in.,  and  D  to  be 
the  diameter  of  the  rim,  then  adding  jV  in.  to  the  diameters  of  the 
tin  roller  and  the  wharve  for  the  thickness  of  the  band,  the  result 
works  out — 

^   =   D  X  0.622  (turns  of  spindle  for  one  of  rim). 

12   X    13  V  t- 
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Now  we  want  to  find  out  how  many  inches  of  thread  are  delivered 
by  the  front  roller  for  one  turn  of  the  rim.  In  the  Hetherington  mule, 
for  example  (fig.  153),  there  is  a  17  or  a  20  bevel  driving  the  front 
roller  bevel  wheel,  and  two  change  places  are  provided  for  the  twist 
pinions,  the  one  (X)  on  the  end  of  the  rim  shaft  and  the  other  (Y) 
the  wheel  that  gears  with  X.  Then  if  F  be  the  diameter  of  the  front 
roller — 

Inches  delivered  for  one  turn  of  the  rim  for  a  17  bevel 

_  X  X  28  X   17  X  3.14  F        X  X  F  X  1. 124 

~  Y  X  35  X  38  Y 

,  r                    X  X  F  X  1.322 
and  tor  a  20   =   =y: — . 

Taking  the  first  of  these  expressions  and  the  example  given  above 
for  the  turns  of  the  spindle  we  get — 

„                 .     ,         ^          ,       .   X  X  F  X  1. 124 
Turns  per  mch  =  D  x  0.022  -; ^^ ^• 

For  any  particular  mule  F  the  diameter  of  the  front  roller  is  fixed, 
say  |-  in.  or  0.875  in.,  and  fixing  suitable  values  for  the  rim  and  twist 
wheel  on  the  end  of  the  rim  shaft,  say  16  in.  and  24  teeth  respectively; 
then,  supposing  the  number  of  turns  per  inch  to  be  22,  we  have — 

16  X  0.622  X  Y 
24  X  0.875  X  1. 124 

or,  which  is  the  same  thing — 

22  X  216  X  0.875  X   1. 124  _   ^ 
16  X  0.622 

From  this  we  find  that  Y  =  51.2 — that  is,  a  change  wheel  of  51. 
Another   important    matter    is    the    rule    for   finding   twists.       The 
general   rule  is  given  as  the  square  of  the  counts   multiplied  in   this 
manner: — 

American  and  Indian  cottons:  Weft,  3.25;  warp,  3.75 
Egyptian  and  Sea-island:  Weft,  3.103;  warp,  3.606 

Such  general  rules,  however,  are  varied  in  practice.  We  may 
imagine  that  a  particular  lot  of  cotton  will  suit  a  given  purpose  better 
if  it  is  twisted  soft  than  to  the  full  measure  of  the  count,  and  discard 
the  rule  very  properly. 

3.  Winding.  —  Spinning  a   fibre   to   such   delicate   fineness   brings 
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Gearing  of  Mule  {J.  Hetherington  &  Sons) 


special  difficulties,  and  nowhere  has  this  appeared  more  constantly 
than  in  the  winding  of  the  mule  frame.  On  the  hand  mule  the  spinner 
depressed  the  faller  wire  and  played  it  according  to  the  need  of  the 
moment,  forming  the  cop ;  he  backed  off  just  as  much  as  was  required 
for  letting  off  the  curls  of  thread  on  the  top  of  the  spindle;  he  regulated 
the  speed  of  the  winding  according  to  the  increased  bulk  of  the  cop. 
Sometimes  machinists  are  able  to  get  round  operations  difficult  to 
accomplish  mechanically  by  inventing  another  method  of  doing  the 
same  thing.     The  drawing  frame  is  a  case  in  point.     But  the  mule 
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machinists    stubbornly    follow    up    the    hand     method,    determinedly 
imitating  every  detail. 

Backing-off.  —  When  the  spinning  has  been  completed  and  the 
carriage  is  out  to  the  full  stretch  the  backing  off  commences.  Different 
makers  have  different  methods  of  doing  this  motion.  The  object  is 
to  take  off  as  speedily  as  possible  the  rings  of  thread  curled  on  the 
point  of  the  spindle.  Obviously  the  first  thing  to  do  is  to  turn  the 
spindle  in  an  opposite  direction,  and  have  some  instrument  ready  to 
take   up   the   slack   thread   given    off.      Two   motions   are   first   of  all 


Fig.  154. — Patent  Backing-off  Chain-tightening  Motion 

A,  Winding  faller  shaft,  b,  Backing-off  finger,  c,  Backing-off  chain,  d.  Tin  roller,  e,  Backing-off  snail. 
F,  Backing-off  tightening  chain.  G,  Tightening  lever.  H,  Lever  incline,  i,  Sliding  plate.  J,  Copping  plates 
and  mechanism. 


necessary.  On  the  shaft  driving  the  rim  wheel  which  drives  all  the 
tin  rollers,  two  pulleys,  one  fast  and  one  loose,  are  placed,  and  con- 
nected with  them  a  series  of  friction  cones  and  pinions.  When  the 
carriage  has  come  out  its  full  stretch  the  fast  pulley  is  stopped  by 
one  of  the  friction  cones  and  brought  into  contact  with  the  loose 
pulley,  on  the  boss  of  which  is  a  pinion  acting  on  a  train  of  wheels, 
which  takes  from  it  a  reverse  motion.  By  the  action  of  these  the  rim 
pulley  is  reversed  and  unwinds  the  yarn. 

Piatt's  Patent  Backing'-off  Motions. — While  avoiding  reference  to 
the  specialities  of  machinists  in  general,  we  are  sometimes  compelled, 
for  the  sake  of  clearness,  to  give  examples  of  particular  motions  devised 
by  leading  firms.  An  instance  is  the  backing-off  chain -tightening 
motion  of  Messrs.  Piatt  Brothers,  of  Oldham  (fig.  154).     In  explaining 
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this  motion,  Messrs.  Piatt  state:  "When  the  carriage  is  coming  out, 
the  winding  faller  wire  is  generally  about  i^  in.  above  the  points  of 
the  spindles.  During  the  backing  off,  the  spindles  begin  to  uncoil  the 
yarn  before  the  faller  wire  begins  to  move,  because  the  tin  roller  must 
make  some  little  movement  before  the  backing-off  click  can  take  hold  of 
the  ratchet  wheel,  and  in  addition  to  this  the  spindles  continue  to  uncoil 
the  yarn  during  the  time  the  faller  wire  is  moving  from  its  position 
above  the  spindle  points,  until  it  touches  the  yarn.  The  spindles  have 
thus  a  considerable  start,  and  at  the  completion  of  a  set  of  cops  this  loss 


Fig.  155. — Complete  Faller  Motion 

A,  Back-rim  pulley.     B,  Carriage,     c,  Copping  rail.     D,  Locking  bar.     E,  Faller  arm.     f,  Counter-faller  arm. 
G,  Locking  arm  or  faller  strap.         H,  Sector.        I,  Chain.        k.  Snail.         l.  Spindle  and  cop. 


of  motion  of  the  faller  wire  produces  very  bad  results.  At  the  com- 
mencement of  a  set  of  cops,  the  conditions  are  much  more  favourable, 
for,  although  the  space  actually  passed  through  by  the  faller  wire  before 
it  touches  the  yarn  remains  constant,  it  bears  at  the  commencement  a 
very  much  smaller  proportion  to  the  entire  distance  passed  through  by 
the  wire  before  the  faller  locks  than  it  does  at  the  completion  of  the  set. 
Consequently,  the  backing-off  chain  has  to  be  slack  at  the  beginning 
of  a  set  of  cops,  otherwise  the  speed  of  the  faller  wire  would  force  the 
yarn  down  the  spindles  faster  than  it  would  uncoil,  and  would  thereby 
break  the  thread.  Hence,  the  backing-off  chain  having  been  adjusted 
to  the  proper  length  for  backing-off  nicely  at  the  commencement  of 
the  set,  it  is  desirable  to  gradually  tighten  or  shorten  it  as  the  cop 
increases  in  length,  until  at  the  completion  of  the  cop  the  chain  is 
almost  tight." 
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The  requisite  tightening  or  shortening  of  the  chain  is  effected  auto- 
matically thus:  The  winding  faller  shaft  (fig.  155)  has  keyed  upon  it 
the  backing-o£f  finger,  to  one  end  of  which  the  backing-off  chain  is 
fastened,  the  other  end  of  the  chain  being  joined  to  the  backing-off 
snail  mounted  with  a  ratchet  clutch  upon  the  tin  roller  shaft.  One 
end  of  the  tightening  chain  is  fastened  to  the  boss  of  the  snail,  while 
the  other  end  is  held  by  a  bell-crank  lever,  the  tail  of  which  rests 
upon  an  inclined  plate  fixed  to  slide  on  rails  fixed  in  the  floor.      An 


Fig.  156. — Locking  of  Faller  previous  to  winding 
(Lettering  and  description  the  same  as  fig.  157,  which  shows  subsequent  motion) 

arm  from  the  front  of  the  incline  grips  a  rod  connecting  with  the 
copping  plate,  so  that  by  means  of  two  hoops,  fixed  upon  the  con- 
necting rod,  the  incline  is  moved  backwards  with  the  backward  motion 
of  the  rod  during  the  formation  of  the  cop.  Thus,  as  the  copping 
plates  travel  backwards  with  the  progress  of  the  cop,  the  connecting 
rod  sends  the  higher  level  of  the  inclined  plate  under  the  tail  of  the 
bell-crank  lever,  causing  it  to  turn  and  so  pull  the  shortening  chain, 
which,  acting  upon  the  backing-off  snail,  takes  up  the  slack  of  the 
backing-off  chain.  The  inclined  plate  may  be  varied  to  suit  the 
requirements  of  the  spinner. 

Faller  Wire. — The  reversing  of  the  motion  of  the  tin  rollers  has 
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another  effect  besides  unwinding  the  thread  on  the  spindle.  On  the 
end  of  the  tin  roller  is  a  clutch  with  teeth  set  in  the  same  direction 
as  the  reverse  motion,  and  working  through  a  disc,  the  boss  of  which 
is  spirally  grooved  to  carry  a  chain,  on  a  small  pulley  holding  the 
other  end  of  the  chain  which  puts  the  levers  controlling  the  faller 
wire    into  action.     When  the   spindles  are  reversed   the  teeth  of  the 

ratchet  catch  into  the  spring 
stud  working  in  the  disc  and 
drag  it  round,  pulling  the 
chain  and  bringing  the  faller 
wire  down.  As  soon  as  the 
unwinding  of  the  backing  off 
commences  the  faller  wire  is 
in  readiness.  On  the  same 
principle  the  counterfaller 
comes  up  under  the  threads ; 
the  two  thus  hold  the  yarn 
taut  and  hinder  any  snarls 
forming.  The  action  of  the 
counterfaller  is  uniform  and 
may  be  left  aside.  With  the 
faller  the  case  is  quite  different; 
no  tool  in  the  whole  frame 
has  been  so  assiduously  de- 
veloped as  this  one.  The 
reason  is  that  the  formation 
of  the  cop  mostly  depends 
upon    its    action.       First    the 


Fig.  157. — Putting  Down  Faller  during  Backlng-off 


A,  Faller.  B,  Faller  shaft.  c.  Curved  arm  fixed  to  faller 
shaft.  D,  Locking  bar  travelling  on  the  copping  rail  E.  F, 
Sector  keyed  to  faller  shaft,  actuated  by  snail  G  (fig.  156)  through 
the  chain  H,  which  is  in  action  while  backing-off.  When  the 
locking  bar  D  locks  the  arni  c,  the  stop  K  is  lowered  clear  of  the  COUCd  baSe,  then  thc  Straight 
lever  L,  and  allows  the  pulley  m  to  yield  to  the  pull  of  the  chain       1       j  ^        t       4.       j-U  j 

H,  and  thus  checks  the  fall  of  A.      n  is  the  counter  faller.  bOOy,       anCl        laSt       the       COneU 

apex,     representing     different 
"chases",  or  lengths  of  traverse  of  the  thread  on  the  spindle. 

Destitute  of  any  power  within  itself  to  effect  these  changes  in  its 
movements,  the  faller  is  dependent  upon  other  means.  We  have 
more  than  hinted  that  competing  machinists  have  devised  special 
appliances  for  this  purpose.  The  principle  of  all,  however,  is  very 
easily  understood.  The  base  of  the  bar  which  carries  the  faller  rests 
upon  what  is  called  the  copping  rail — a  long  lever,  the  shape  and 
motions  of  which  describe  at  every  moment  the  outlines  of  the  shape 
of  the  cop  (fig.    158).      Carried  along   this   line,   the  faller  must   rise 
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and  fall  according  to  the  shape  of  the  cop.  Many  refinements 
have  been  introduced  into  the  mule  at  this  point,  but  the  average 
worker  or  master  spinner  has  little  need  to  attend  to  these  details,  the 
machinists  and  mechanics  being  the  only  persons  interested. 

Winding  On. — Closely  connected  with  the  faller  and  counterfaller 
wires  is  the  operation  commonly  described  as  winding  on.  It  is 
clear  that  a  spool  varying  so  constantly  in   thickness  as  the  cop  we 


Fig.  15S.— Piatt's  Self-acting  Nosing  Motion 

A,  Carriage.  B,  Whorl  of  mule  spindle,  c,  Bare  spindle.  D,  Tin  cylinder.  E,  Winding-on  drum,  f,  Scroll 
of  drum.  G,  Quadrant  nut.  H,  Quadrant  scroll,  i,  Chain,  k.  Sliding  bracket  at  end  of  chain.  L,  Adjust- 
able regulator.  M,  Shaping  screw  of  copping  motion.  N,  Front  nug  of  copping  screw.  o,  Nut  of  shaping 
plate.  P,  Detent  catches.  Q,  Ratchet  wheel.  R,  Swing  lever,  s,  Swivel  on  swing  lever.  T,  Bracket  on  arm 
of  quadrant,     u,  Supplementary  chain,     v.  Quadrant,     vv.  Governor. 

have  described  must  require  a  very  elastic  process  of  winding  on. 
Taking  place  during  the  inward  traverse  of  the  carriage,  this  opera- 
tion was  originally  accomplished  by  the  invention  of  Roberts,  known 
as  the  quadrant.  The  quarter  wheel  was  toothed  and  worked  from 
a  shaft  on  the  end  of  which  was  a  pinion,  and  put  in  motion  by  the 
elevation  of  the  counterfaller.  An  arm  was  on  the  inner  side  of  the 
quadrant,  and  a  rope  or  chain  extended  from  the  arm  round  the 
driving  drum  of  the  spindles.  Wound  on  to  the  drum  by  the  outward 
motion  of  the  carriage,  the  rope  was  pulled  off  by  the  retreating  arm 
of  the  quadrant.  To  vary  the  speed  of  the  spindles  as  the  cop  changed 
in    thickness    has    been    the    problem    which    has    called    out    much 
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ingenuity.  Roberts  provided  for  a  gradual  increase  in  the  thickness 
of  the  cops.  Within  the  quadrant  arm  he  placed  a  worm  screw  to 
which  he  connected  the  nut  holding  the  rope.  At  every  outward 
traverse  of  the  carriage  the  nut  went  farther  up  the  arm,  thus  lengthen- 
ing the  sweep  of  the  same  length  of  rope,  accelerating  the  speed  of 
the  spindles  by  the  swifter  withdrawal  of  the  rope. 

The  quadrant,  however,  failed  to  meet  the  requirements  of  spinners, 
and  modifications  were  early  made  upon  it,  because  the  cop  is  not 
wound  cylindrically  but  in  cone  fashion.  After  the  spinning  of  high 
counts  was  attempted  on  the  self-actor  mule,  the  defects  of  the  winding- 
on  apparatus  became  still  more  evident.  The  taper  of  the  spindle 
itself  came  to  be  a  considerable  factor,  and  the  shaping  of  the  cops 
took  a  more  elaborate  turn. 

Various  appliances  have  been  devised  to  meet  the  difficulty  here 
indicated.  The  motion  of  the  quadrant  itself  has  been  altered  so 
that  its  speed  is  varied;  the  rope  has  been  made  a  chain,  with 
catches  that  let  out  and  take  in  its  length;  the  action  of  the  nut 
holding  the  chain  has  been  graduated  and  supplemented;  but  in 
all  these  the  same  principle  is  at  work. 

Automatic  Nosing  Motion. — As  an  example  of  the  various  appli- 
ances which  have  been  devised  to  overcome  this  difficulty  we  take 
the  automatic  nosing  motion  of  a  well-known  firm  (figs.  158-160).  It  is 
plain  that  something  must  be  done  to  supplement  the  ordinary  accele- 
rating action  of  the  quadrant,  so  as  to  suit  the  action  to  the  constantly 
diminishing  diameter  of  the  spindle  on  which  the  cop  nose  is  being 
wound.  In  this  instance  the  object  has  been  attained  by  placing  a 
scroll  upon  the  end  of  the  winding  drum,  with  supplementary  additions 
on  the  quadrant. 

First  of  all,  the  winding-on  drum  must  alone  act  in  bringing  the 
cop  to  its  full  diameter;  as  the  cop  is  gradually  built  higher  on 
the  tapering  spindle,  more  winding  chain  is  required,  and  therefore 
the  scroll  is  called  into  action.  We  shall  see  how  this  takes  place. 
The  end  of  the  winding  chain,  instead  of  being  merely  attached  as 
formerly  to  the  quadrant  nut,  is  now  wound  upon  the  body  of  a  ratchet 
wheel,  on  the  shaft  of  which  a  scroll  is  fixed.  Another  chain,  coiling 
on  the  scroll,  passes  under  and  over  stationary  pulleys  and  down  under 
a  swinging  lever,  its  end  being  fastened  to  a  sliding  bracket  fitted  on 
to  the  shaper  screw  of  the  copping  motion.  The  drag  of  the  chain 
causes  the  sliding  bracket  to  press  against  the  nug  of  the  shaper  frame. 
On  the  other  hand,  the  nut  travelling  along  the  shaper  screw  comes 
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into  contact  with  the  inner  arm  of  the  bracket  and  forces  it  inwards, 
thus  pulHng  the  chain  in  the  same  direction.  At  the  same  time  the 
movement  of  the  quadrant  nut  farther  out  from  the  centre  of  the 
quadrant  takes  up  the  slack  in  the  chain;  the  further  outward  move- 


Fig.  159.— Copping.     Patent  Nosing  Motion  Finishing  Cop  Bottom 

A,  Carriage.  B,  Whorl  of  spindle,  c,  Cop  bottom.  D,  Winding-on  drum.  E,  Scroll  of  drum.  F,  Quad- 
rant. G,  Governor.  H,  Quadrant  scroll.  I,  Chain.  j.  Shaping  screw  of  copping  motion.  K,  Sliding 
bracket  at  end  of  chain.     L,  Swing  lever,     m,  Bracket  on  arm  of  quadrant. 

ment  of  the  quadrant,  after  the  slack  has  been  taken  up,  acting  through 
the  mechanisms  we  have  just  detailed,  and  conditioned  by  them,  draws 
the  chain  off  the  scroll  on  the  winding  drum.  By  adjustment  of  the 
sliding  bracket  on  the  cop-shaper  screw,  the  amount  of  chain  taken 
off  the  scroll  is  regulated. 


Fig.  160. — Patent  Nosing  Motion  Finishing  Cops 

A,  Carriage.  B,  Whorl  of  spindle,  c,  Finished  cop.  D,  Winding-on  drum,  e,  Scroll  of  drum.  F,  Quad- 
rant. G,  Governor.  H,  Quadrant  scroll.  i.  Chain.  J,  Shaping  screw  of  copping  motion.  K,  Sliding 
bracket  at  end  of  chain.     L,  Swing  lever.     M,  Bracket  on  arm  of  quadrant. 


Operating  the  Cotton  Mule. — The  preliminary  adjustment  of  a 
machine  so  delicate  and  complex  as  the  high-grade  spinning  mule 
is  a  matter  of  no  little  difficulty.  With  the  drawing  rollers  we  have 
no  trouble;  but  the  adjustment  of  twist  wheel,  copping  rail,  fallers, 
and   counterfallers,    carriage   outward    and    inward    traverse,    winding 
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motions,  and  many  minor  parts,  calls  for  no  little  skill  and  judg- 
ment. To  assign  the  various  proportions  of  draft  to  the  gain  of  the 
carnage  or  the  jacking  motion,  to  gauge  the  winding  accurately,  to 
determine  the  various  speeds  of  the  carriage,  to  adjust  the  backing 
off  to  the  proper  point,  may  fairly  be  admitted  to  be  a  trial  of  high 
intelligence.  It  is  generally  admitted,  in  fact,  that  the  best  workers 
fall  short  of  perfection,  but  whether  the  defect  lies  more  in  the  mule 
frame  than  in  the  ability  of  the  spinner  must  be  left  a  moot  point. 
Though  on  the  one  hand  it  may  be  said  that  there  is  now  hardly 
such  a  thing  as  a  hand  mule  in  the  proper  sense  of  the  term,  it 
may  be  said,  with  equal  justice,  that  no  mule  frame  has  been  made 
which  dispenses  with  a  high  degree  of  skill  and  care  on  the  part  of 
the  spinner. 

Cap  and  Throstle  Frames. — It  is  common  to  assume  that  none  of 
the  throstle  frames  is  now  at  work  in  any  cotton  factory,  but  the  assump- 
tion is  contrary  to  fact.  During  the  latter  years  of  last  century  a  large 
trade  sprang  up  in  cotton  blankets,  heavy  flannelette  goods,  carpet 
warps,  yarns  for  ropes,  and  other  strong  yarns  with  soft  twist,  which 
have  given  fresh  employment  to  those  old  forms  of  frame.  Except 
in  a  few  small  particulars,  however,  these  frames  differ  in  no  way 
from  those  already  examined  in  our  historical  survey.  For  rapid  and 
accurate  spinning  of  low  counts  of  cotton  the  old  throstle  frame  has 
yet  much  to  commend  it. 

The  cap  frame  has  never  got  a  fair  chance  in  the  cotton  factory. 
One  would  have  expected,  when  spinners  were  on  the  lookout  for  a 
spinning  frame  which  could  produce  soft  weft  cheaply,  that  the  cap 
frame  would  have  been  called  in.  Having  only  the  bobbin  to  drive, 
the  spinner  with  the  cap  frame  enjoys  an  advantage  in  that  respect. 
The  objections  urged  against  the  frame  are  these:  Ballooning,  irregu- 
larity of  twist,  and  waste  caused  by  the  friction  of  the  cap  and  the 
large  balloon.  If  invention  were  turned  to  the  cap,  there  is  little 
doubt  of  all  these  being  modified.  Worsted  spinners  and  their  ma- 
chinists have  already  made  such  improvements  on  it  as  the  need  of 
that  trade  seems  to  demand. 

As  we  have  already  stated,  the  throstle  has  obtained  a  fresh  hold 
on  the  cotton  trade.  With  the  introduction  of  the  tubular  flyer,  the 
roughness  of  the  yarn  formerly  complained  of  has  been  almost  wholly 
prevented.  The  throstle  makes  a  solid,  smooth  thread,  and  may  be 
employed  with  advantage  in  the  production  of  strong  warp  yarns. 
The   fact  that  the   winding   on    is   accomplished   by  the  drag  of  the 
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bobbin  has  the  double  disadvantage  of  putting  a  variable  strain  on 
the  thread  and  at  the  same  time  affecting  the  proportion  of  twist. 
For  strong  yarns,  however,  the  strain  amounts  to  very  little,  and  with 
proper  adjustments  of  all  the  parts  the  differences  in  twist  can  be 
reduced  to  a  negligible  quantity.  One  limit  only  is  imposed  on  the 
speed  of  the  throstle,  and  that  is  the  effect  of  the  centrifugal  force 
on  the  flyer  legs.  High  speed  of  the  spindle  develops  a  centrifugal 
force  so  great  that  only  a  very  strong  flyer  can  resist  it-  The  problem, 
however,  is  not  beyond  the  resources  of  the  engineers. 

Cotton  Ring  Spinning-  Frame. — If  general  acceptance  be  the  test 
of  the  merit  of  a  spinning  frame,  the  ring  traveller  can  be  placed  high 
in  rank  among  spinning  machines.  Factories  spinning  counts  any- 
where between  10 s  and  30s  very  often  employ  no  other;  that  is  to  say, 
the  bulk  of  the  low  counts,  and  a  large  share  of  the  medium  trade, 
are  spun  upon  ring  spinning  frames. 

Practical  Operation  of  the  Ring  Frame  in  the  Cotton  Factory. — 
The  characteristic  feature  of  the  frame  is  the  combined  ring  and 
traveller,  and  as  these  have  been  explained  in  our  discussion  of  the 
various  spindles,  nothing  more  need  be  said  on  that  point.  In  actual 
work,  however,  some  details  come  into  prominence  which  are  not 
observed  in  theoretical  discussion.  Neither  the  length  of  lift  nor  the 
size  or  shape  of  spool  is  restricted  by  the  form  of  the  ring  frame.  By 
this  we  are  enabled  to  wind  on  any  form  of  bobbin  we  choose,  and 
make  what  shape  of  spool  seems  desirable.  At  one  time  spinners  of 
yarns  for  weavers  objected  to  the  ring  frame,  because  strong  bobbins 
only  could  be  wound  on  it.  Carriage  and  packing  of  bobbins  to  and 
from  the  weaving  factories  made  up  a  serious  item  of  cost.  Besides, 
the  weavers  who  took  their  weft  from  ring  spinners  were  required 
to  reel  and  spool  over  again.  In  cotton  manufacture  every  item  of 
expense  must  be  considered.  These  objections  were  removed,  how- 
ever, when  the  ring  frame  was  modified  so  that  cops  could  be  wound 
for  weft  on  the  machines.  The  lifter  plate  is  moved  by  various  con- 
trivances, every  one  of  which,  however,  can  be  easily  modified  to 
suit  the  style  and  length  of  spool  to  be  wound.  Some  makers  prefer 
the  chain  lifter,  others  put  on  a  patented  modification  of  the  old  heart- 
shaped  cams  devised  by  Arkwright,  and  others  adopt  a  combination 
of  weights  and  pulleys  worked  on  the  balancing  principle.  None  of 
these  presents  any  difficulty  in  actual  working;  the  methods  of  adjust- 
ing the  various  appliances  are  easily  acquired. 

To  obtain  the  best  results  from  it  the  ring  frame  should  be  specially 


ii6 


SPINNING 


built  for  a  given  range  of  yarns  and  size  of  bobbin  or  cop.  Aiming, 
as  we  generally  do,  at  getting  the  same  length  of  yarn  on  the  spools, 
we  require  a  larger  bobbin  for  thick  yarns  than  for  high  counts.  This 
means  that  the  ratio  of  the  lifter  to  the  speed  of  the  frame  and  the  size 
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A,  Tin  roller  wheel.  b,  Twist  carrier  wheel.  c,  Twist  change  wheel.  D,  D,  Armed  intermediate  wheel. 
E,  Front  roller  wheel.  F,  Front  roller  pinion.  G,  Crown  wheel.  H,  Draft  change  wheels.  I,  Back  roller 
wheel.  J,  Back  roller  pinion.  K,  Double  carrier  wheel.  L,  Middle  roller  pinion.  M,  Tin  roller,  lo"  diam. 
N,  Spindle  wharves,  %",  %",  or  i"  diam.     o,  Front  bottom  rollers,     r,  Ratchet  or  shaper  change  wheel. 

of  the  bobbin  must  be  different.  A  lifting  traverse  of  2  in.  is  only  one- 
third  the  barrel  of  what  we  call  a  6-in.  bobbin,  but  it  is  half  a  4-in. 
bobbin  or  cop.  Similarly  a  thick  yarn  needs  a  heavy  traveller;  but 
on  a  light  yarn  the  drag  of  the  traveller  should  be  as  light  as  possible. 
Another  factor  comes  to  be  considered :  the  wide  space  between  a  small 
bobbin  and  a  large  ring  causes  the  thread  to  pass  through  the  traveller 
at  very  nearly  right  angles,  giving  a  minimum  of  drag  at  first,  and 
quickly  increasing  the  pull  as  the  bobbin  fills.      The  following  table 
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gives   approximately   the   sizes   of  rings   and    bobbin    barrels   for   the 
various  ranges  of  counts: — 

Yarn  RingT- 

Counts.  Inches. 


8  to  12  2 

18  ,,  20  l|^ 

24  ,,    28  If 

30  M  36  if 

40  "  50  li 

55  Up  It 


Weft 

Twist 

Bobbin  Lift. 

Bobbin  Lift. 

Inches. 

Inches. 

5 

6 

5 

6 

4i 

....         5.^ 

4^-                               : 

5 

4 

5 

4 

5 

There  is  some  difference  of  opinion  in  the  trade  regarding  the  speed 
at  which  spindles  can  be  run  with  economy.  The  faster  the  whole 
frame  runs  the  more  economical  it  should  be;  but  other  things  come 
in  to  affect  the  result.  If  more  breakage  and  waste  occurs  at  a  high 
than  at  a  medium  speed,  the  economy  of  the  former  is  more  than 
doubtful.  Machinists,  however,  guarantee  that  their  frames,  if  pro- 
perly treated,  will  give  these  speeds  with  economical  production: — 

Revolution  of  Spindles 

per  Minute.  Counts. 

5000  to  7500      10  to  15 

7500  ,,  9000       15  ,,  20 

9000  ,,  9500      .    24  up 

In  calculating  the  speed  of  spindles,  add  the  thickness  of  the 
spindle  band  to  the  diameters  of  the  tin  rollers  and  spindle  wharves, 
allowing  7|  per  cent  for  slip.  The  rule  is:  Multiply  the  revolutions 
of  the  line  shaft  and  drum  by  the  diameter  of  the  tin  roller  and  band ; 
divide  by  the  speed  of  the  pulley  on  the  frame,  and  the  diameter  of 
the  wharve  and  the  thickness  of  the  band  multiplied  together. 

Another  formula  is  given  for  finding  spindle  speeds  which  is  rather 
simpler:  Multiply  the  diameter  of  the  tin  roller  and  the  speed  of  the 
tin  roller  together;  divide  by  the  diameter  of  the  spindle  wharve,  then 
deduct  yh  per  cent  for  slip. 

Twist  on  the  Ring  Frame. — When  the  ring  frame  was  first  intro- 
duced into  this  country,  the  chief  objection  spinners  made  to  it  was 
the  severity  of  the  twist  imparted  to  the  yarn.  Certainly  experience 
gave  the  distinct  impression  that  soft  wefts  could  not  be  spun  on 
that  frame.  During  the  years  intervening,  however,  the  ring  frame 
has  been  improved,  and  at  present  the  spinner  has  very  efficient  con- 
trol over  the  twisting  action.  If  the  spinner  wishes  to  know  how 
many  turns  per  inch  are  being  given  the  yarn  at  any  particular  time. 
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he  can  satisfy  himself  by  the  use  of  the  following  formula:  Multiply 
the  number  of  teeth  on  the  front  roller  wheel  and  on  the  large  wheel 
by  the  diameter  of  the  tin  roller;  divide  by  the  number  of  teeth  on  the 
twist  wheel  and  tin  roller  wheel,  the  diameter  of  the  wharve,  and  the 
circumference  of  the  front  roller  multiplied  together. 

The  importance  of  twist  in  the  spinning  of  threads  is  not  sufficiently 
insisted  on  by  many  teachers  of  the  art.  In  their  eagerness  to  attain 
fineness  many  spinners  are  apt  to  forget  that,  after  all,  twist  is  spinning, 
and  that  from  twist  yarns  almost  wholly  derive  their  strength.     A  soft 
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Fig.  162. — Gearing  of  the  Ring  Frame 

thread  is  highly  desirable,  but  the  softness  should  be  chiefly  in  the 
fibre  itself.  Hardness  produced  by  twist  is  certainly  to  be  avoided, 
but  enough  should  be  put  on  to  cause  the  fibres  to  hold  together. 
The  ideal  thread  would  be  that  which  gave  a  breaking  strength 
equal  to  the  combined  fibres  taken  singly.  Like  all  ideals  worthy 
of  the  name,  this  cannot  be  attained;  a  twist  which  would  securely 
lock  every  fibre  with  every  other,  and  yet  avoid  strain  on  some  fibres, 
has  never  been  discovered.  Moreover,  it  is  admitted  that,  in  weft 
yarns  especially,  covering  power  is  desired  by  the  weaver,  and  that 
means  a  looseness  in  the  combination  of  the  fibres  which  altogether 
precludes  the  interlocking  of  every  fibre  with  every  other.  The  whole 
question  is  very  involved,  partly  because  cotton  spinning  is  a  com- 
mercial enterprise,  subject  to  economic  conditions  which  compel 
spinners  to  aim  rather  at  the  easiest  way  of  satisfying  the  demands 
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of  the  market  than  attaining  the  highest  possible  results,  and;  partly 
because  of  the  immense  variety  both  of  the  fibre  and  the  yarns  into 
which  it  is  spun.  Dr.  Bowman,  to  whose  indefatigable  researches 
the  whole  textile  trade  is  deeply  indebted,  has  given  in  his  book, 
Structure  of  the  Cotton  Fibre,  some  results  which,  though  not  quite 
conclusive,  afford  some  basis  for  future  investigation.  Selecting  a 
good  average  of  American  and  a  fine  working  quality  of  Egyptian 
cotton,  he  obtained  the  following  results: — 

American  Cotton 


Fibres  in  Sect 

ion      Strength  per 

Strength  of 

of  Yarn. 

Lea  of  Fibre. 

Thread  per  Lea. 

Strength  utilized 

Loss 

Description  Counts. 

Number. 

Lb. 

Lb. 

per  cent. 

per  cent. 

20  s  water  twi 

5t              ...    230 

388 

80 

20.6 

79-4 

32  s  mule       ,, 

...     144 

240 

50 

20.8 

79.2 

40s      ,,         ,, 

...     120 

194 

40 

20.6 

79-4 

50s      ,,         ,, 

...       92 

155 

30 

19-3 

80.7 

30  s  twofold 

300 

500 

130 

26.0 

74.0 

40  s 

225 

380 

100 

26.3 

73-7 

50  s        „ 

180 

300 

75 

25.0 

75-0 

Egyptian  Cotton 

40  s  mule 

161 

234 

50 

21.3 

78.7 

50  s     ,, 

...     129 

188 

38 

20.2 

79.8 

60s     ,, 

107 

156 

30 

19.2 

80.8 

40  s  twofold 

320 

450 

120 

26.6 

73-4 

50  s 

...    240 

360 

96 

26.6 

73-4 

60s       ,, 

200 

300 

83 

27.6 

72.4 

70s       ,, 

180 

255 

70 

27.4 

72.6 

80  s       , , 

...     160 

220 

60 

27.2 

72.8 

90s       ,, 

...     1 40 
1 .               •  ■  1           It 

200 
II.'    

50 

25.0 
_  •  _i 1- 

75-0 

These  results,  with  all  deductions,  present  a  picture  which  can 
hardly  be  described  as  satisfactory.  There  is  yet  room  for  ability  in 
the  cotton-spinning  trade. 

Structure  of  the  Woollen  Thread. — A  woollen  thread  is  a  com- 
bination of  wool  fibres  effected  by  the  simplest  means.  It  is  designedly 
rough,  both  in  structure  and  external  appearance.  Like  every  textile 
yarn  the  woollen  thread  is  twisted;  but  underneath,  and  forming  what 
we  may  call  the  substructure  of  the  thread,  there  is  an  irregular 
entanglement  of  the  crinkled  and  scaly  fibres.  It  is  this  which  confers 
on  the  woollen  thread  a  softness  and  resilience  not  to  be  found  in 
any  other  form  of  yarn.  The  natural  crinkles  and  curves  of  the  wool 
form  numberless  little  cushions  which  the  spinning  twist  only  makes 
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continuous,  regular,  and  passably  smooth.  Even  the  hardest  spun 
woollen  yarn  shows  a  roughness  and  irregularity  in  its  whole  struc- 
ture from  outside  to  core;  the  twist,  while  gripping  fibre  to  fibre,  lets 
out  the  ends  so  that  the  yarn  shows  a  soft  and  hairy  surface.  The 
yarn  is  thus  endowed  with  great  covering  power,  enabling  the  weaver 
to  produce  an  apparently  solid  cloth  with  thinly  spread  weft  and  warp; 
but  the  same  quality  constitutes  woollen  cloth,  when  felted,  the  most 
solid  and  impervious  of  all  fabrics. 

The  Woollen  Mule. — When  the  woollen  sliver  comes  off  the  con- 
denser it  is  a  round  cord,  composed  of  fibres  felted  and  balled  into 
unity,  but  without  tensile  strength.  By  the  action  of  the  rubbers 
the  tangled,  felted  substructure  of  the  thread  has  been  laid,  and  it 
now  remains  for  the  spinner  to  attenuate  the  cord  and  give  it  tensile 
coherence  by  twist.  At  the  present  day  the  sole  tool  of  the  woollen 
spinner  is  the  mule. 

Because  a  combination  of  the  water  frame  of  Arkwright  and  the 
spinning  jenny  of  Hargreaves,  Compton's  invention  was  named  the 
mule.  This  combination  still  exists  in  the  cotton,  waste -silk,  and 
worsted  mules;  Arkwright's  drawing  rollers  and  Hargreaves'  jenny 
carriage,  vastly  improved,  yet  form  the  two  parts  of  these  machines. 
But  the  term  mule  applied  to  the  woollen  spinning  frame  is  misleading, 
obscuring,  as  it  does,  the  special  and  characteristic  feature  of  the  latter. 
Roller  drawing  cannot  be  applied  to  the  woollen  thread  if  its  special 
nature  is  to  be  retained.  Drawing  there  must  be,  for  the  sliver  from 
the  condenser  has  to  be  attenuated;  but  the  drawing  rollers  straighten 
out  the  fibres  subjected  to  their  action,  and  this  the  nature  of  the  woollen 
thread  forbids.  For  woollen  purposes  the  thread  has  been  felted,  and 
roller  drawing  would  undo  the  felting. 

So  firmly  did  the  woollen  spinners  adhere  to  the  peculiar  and 
valuable  quality  in  their  product  that,  when  they  adopted  the  mule, 
they  stripped  it  of  all  semblance  to  the  cotton-spinning  frame  upon 
which  it  was  based.  The  oldest  woollen  mules,  many  of  which  were 
to  be  seen  working  in  some  carpet  factories  till  late  in  the  nineteenth 
century,  were  very  simple  structures.  At  the  back  was  the  creel 
holding  the  huge  bobbins  from  the  condenser;  next  were  the  pair  of 
feed  rollers,  the  upper  one  weighted  and  the  lower  one  fluted,  to  grip 
the  sliver  firmly  when  necessary;  next  below  were  the  wire  hooks  of 
the  thread  guides,  and  this  completed  the  standing  part.  The  carriage 
ran  on  wheels  and  rails  drawn  in  and  out  by  ropes  on  a  scroll  shaft, 
and  on  the  head  of  the  carriage  were  fixed  the  spindles,  with  wharves 
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on  their  lower  ends.  A  tin  roller  carried  the  driving  bands  of  the 
spindles,  and  a  single  rim  wheel  impelled  the  tin  roller,  the  latter 
being  wholly  under  the  control  of  the  spinner,  who  could  slow  or 
accelerate  the  spindles  at  will.  A  pair  of  fallers  practically  completed 
the  outfit.  Backing-off,  cop  shaping,  and  all  the  other  mechanical 
refinements  of  the  cotton  mule  were  not  adopted  just  then. 

Bit  by  bit,  however,  the  graduated  motions  and  delicate  appliances 
of  the  cotton  mule  have  been  incorporated  year  by  year  in  the  woollen 
frame,  till  at  the  present  time  the  one  is  almost  as  complex  as  the 
other.  These  additions,  it  must  be  premised,  have  been  adapted  to 
C 


Fig.  163. — Diagram  of  Woollen  Mule 
A,  Carnage,     u,  Smaller  rim  pulley,     c,  Larger  rim  pulley.     D,  Angle  pulleys.     E,  Tin  cylinder.     F,  Spindle. 


the  nature  of  the  fibre  and  the  method  of  spinning,  and  show  a  very 
distinct  originality.  As  the  parts  of  this  mule  are  mostly  named  after 
the  functions  they  perform,  we  may  perhaps  be  well  advised  to  outline 
the  operation  of  woollen  spinning. 

Metnod  of  Spinning-  Woollen  Yarns. — The  sliver  is  spooled  in 
various  shapes  on  the  condenser,  the  most  common  form  being  a 
large  bobbin  of  a  flat,  squat  shape.  Rows  of  these  are  hung  hori- 
zontally on  the  creel  of  the  fixed  frame,  the  number  of  rows  being 
determined  by  the  arrangement  of  the  spindles  on  the  mule  carriage. 
From  the  bobbins  the  condensed  slivers  are  led  through  the  oscillating 
guide  in  between  the  pair  of  rollers,  which  are  feed  rollers  only. 

The  frame,  as  we  see,  is  simple,  but  the  carriage  and  its  controlling 
machinery  in  the  headstock  present  a  different  appearance.  At  present, 
however,  the  action  of  the  whole  frame  is  to  be  noted.  When  the 
threads  come  from  the  rollers  they  are  wound  on  the  spindles  on  the 
head  of  the  carriage,   which  for   that   purpose  is   brought  up  within 
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an  inch  or  two  of  the  fixed  frame.  As  soon  as  the  threads  have  been 
affixed  to  the  spindles  the  carriage  begins  to  retreat,  the  spindles  turn- 
ing round  at  a  medium  rate  all  the  time,  twisting  the  threads  which 
the  rollers  are  letting  out  as  fast  as  the  spindles  recede.  Some  spinners 
here  adopt  the  idea  of  *'gain",  and  let  the  carriage  run  faster  than 
the  front  rollers  deliver,  thus  elongating  and  attenuating  the  thread. 
If  the  carriage  gains  on  the  front  rollers  the  spindles  must  be  given 
a  higher  speed.  For  at  this  stage  of  the  operation  the  sole  object  of 
the  twist  is  to  impart  such  strength  to  the  thread  as  may  be  necessary 
to  fortify  it  for  the  coming  draft,  not  such  as  will  hinder  the  draft. 
If  a  portion  of  draft  has  been  applied,  then  correlative  twist  must  also 
be  given. 

Say,  for  the  sake  of  example,  that  the  total  stretch  of  the  mule 
is  60  in.,  that  the  condensed  sliver  is  10 s  hank,  and  that  we  want  a 
30 s  count;  we  have  to  devise  a  method  by  which  the  sliver  will  be 
lengthened  by  200  per  cent.  Obviously,  if  the  draft  is  to  be  accom- 
plished on  this  frame  at  all,  the  rollers  must  stop  delivering  after 
having  given  out  20  in.,  and  allow  the  spindles  to  go  on  the  other 
40  in.,  drawing  out  the  yarn.  The  carriage  therefore  moves  out, 
while  the  rollers  hold  firmly  on  to  the  yarn;  at  the  same  time  the 
spindles  twist  rapidly. 

At  the  end  of  the  stretch  winding  begins.  A  few  turns  of  yarn 
have  been  taken  on  to  the  point  of  the  spindle,  and  the  little  rings 
form  a  barrier  to  winding  on.  The  revolution  of  the  spindles  is 
reversed,  letting  off  the  yarn,  and  the  counterfaller  comes  up  to  hold 
out  the  slack  and  prevent  kinking  or  snarl.  At  the  same  moment 
the  faller  comes  down  and  lays  the  drawn  thread  to  the  point  on  the 
spindle  at  which  winding  is  to  begin.  The  carriage  moves  inwards 
and  the  spindles  revolve,  winding  on  the  spun  yarn. 

After  the  rollers  stop  delivering,  the  spinning  action  really  com- 
mences, and  then  the  various  complex  mechanisms  of  the  mule  come 
into  play.  Drawing  and  spinning  take  place  simultaneously.  Under 
the  strain  of  the  stretch  the  fibres  slip  over  one  another,  and  yet  all 
the  connections  formed  in  the  condenser  tend  to  firm,  the  curls  and 
crinkles  becoming  clasping  loops.  Inexorably  the  draft  continues, 
pulling  apart  those  little  bundles  which  have  been  too  loose  and  open 
to  cohere;  those  which  have  been  too  big  to  twist  now  yield  softly 
and  fall  into  line  with  the  others.  Draft  alone  would  soon  pull  the 
thread  to  mere  fragments;  but  all  the  while  the  spinning  and  twisting 
has  been  going  on,  the  spindles  flying  round  at  a  furious  rate.     Natu- 
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rally  the  twist  attacks  the  thicker  parts  of  the  yarn  first,  but  the  re- 
sistance met  with  sends  it  on  to  the  thin  portions,  which  it  grips, 
locking  the  fibres  together  to  prevent  further  sHp,  and  then  distributing 
the  draft  on  to  those  parts  which  are  thicker  and  weaker  in  tensile 
resistance.  By  the  combined  forces  of  draft  and  twist  an  even  and 
strong  thread  is  produced. 

Mechanical  Agents  in  the  Mule  Frame. — The  movements  of  the 
carriage  on  its  outward  and  inward  journeys  are  driven  and  controlled 
by  an  arrangement  of  ropes,  attached  at  one  end  to  a  series  of  scroll 
grooves  in  bosses  on  a  driving  shaft  at  the  back  of  the  frame,  and 
passing  round  the  carriage  on  to  a 
complementary  scroll  on  the  same 
shaft.  As  the  one  set  of  scrolls 
unwind,  the  other  set  wind  on  the 
rope,  and  make  equal  the  inward 
and  outward  traverses.  On  some  of 
the  newer  mules  additional  motions 
are  introduced,  but  the  main  action 
is  all  that  need  be  noted. 

Variations  in  spindle  speed  and 
the  backing-off  motion  next  come 
under  notice.  Instead  of  a  com- 
plex arrangement  of  pulleys  and 
wheels,  woollen  mule  builders  have 
adopted  the  idea  of  using  a  double- 
rim  wheel,  one  rim  large  and  one  small  (fig.  164).  When  high  spindle 
speed  is  required  the  large  rim  drives,  when  a  lowered  rate  of  speed 
has  to  be  put  on,  the  smaller  rim  operates. 

This  brings  within  the  range  of  possibility  a  change  in  the  method 
of  driving  the  spindles  which  has  long  been  desired.  On  the  older 
kinds  of  mule  the  spindles  are  driven  from  the  tin  roller  by  means 
of  bands  round  the  wharves  of  the  spindles.  Even  bands  of  the  best 
quality  are  soon  strained,  and  vary  with  the  changes  in  the  atmos- 
pheric conditions  of  the  spinning  room.  A  steadier  drive  was  much 
to  be  wished.  Instead  of  the  wharves  the  spindles  are  equipped  with 
pinions,  which  are  acted  upon  by  wheels  on  a  shaft  running  the  whole 
length  of  the  side,  the  shaft  being  driven  by  the  rims  as  the  tin  roller 
has  been.  Governed  by  pinions,  the  spindles  stop  dead  at  the  cessa- 
tion of  the  drive. 

Theoretically  simple  and  quickly  performed  by  the  spinner  on  the 


Fig.  164. — Section  of  Rim  Shaft 


A,  Slow-speed  rim.  B,  Fast-speed  rim.  c,  Backing- 
off  wheel  and  friction.  D,  Fast-speed  driving  pulley. 
E,  Ix)Ose  pulley.  F,  Slow-speed  driving  pulley.  G,  Twist 
worm.      H,  Drawing-out  change  pinion. 
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hand  mule,  backing-off  is  a  set  of  simultaneous  operations  of  some 
complexity  on  the  self-actor  mule.  The  carriage  must  be  stopped 
for  a  moment,  the  rim  wheel  driving  the  spindles  slowed  preparatory 
to  reversing,  the  drive  of  the  spindles  reversed,  the  counterfaller  called 
up  to  hold  off  the  slack  yarn  given  off  by  the  spindle,  and  a  slight 
backward  motion  given  the  carriage  to  lessen  the  tension  of  the  threads. 
Describing  the  operation  of  their  mule,  a  firm  of  machinists  give  what 
may  be  accepted  as  general:  "The  backing-off  friction  lever  is  held 
out  by  the  scroll  clutch  lever,  and  cannot  get  into  gear  until  the  cam 


Fig.  165. — Drawing-out  Motion 
A,  Scroll.      B,  Scroll  clutch,      c,  Fork  lever,      d.  Cam  lever,      e,  Cam. 

makes  its  change;  then  the  scroll  clutches  are  put  out  of  gear  and 
the  backing-off  catch  holds  the  friction  out  until  lifted  by  the  relieving 
motion.  The  relieving  motion  for  putting  in  the  backing-off  friction 
is  a  simple  connection  to  the  intermediate  or  back  shaft,  which  the 
minder  can  adjust  at  any  time  without  stopping  the  mule,  which  allows 
the  rim  band  to  slacken  speed  before  the  reverse  motion — that  is,  the 
backing  off — can  get  in  gear,  thus  preventing  those  sudden  jerks  on 
the  rim  band,  and  causing  them  to  wear  much  longer"  (fig.  165).  At 
the  same  moment  as  the  spindles  are  slowed  and  reversed  the  faller 
comes  up,  and  with  its  wire  holds  out  the  thread  released  from  the 
top  of  the  spindle. 

Having   made   everything   ready,   the  winding   on    now  comes    in 
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course.  For  this  purpose  the  quadrant,  quadrant  arm,  and  driving 
chain,  with  its  changeable  draft,  have  been  taken  directly  from  the 
older  forms  of  the  cotton  mule  frame  and  applied  almost  without 
change  here.  Driven  by  a  pinion  from  a  shaft  in  the  headstock,  the 
quadrant  moves  forward,  letting  the  drum  wind  up  the  chain  as  the 
carriage  comes  out.  At  the  end  of  the  outward  traverse  the  motion 
of  the  quadrant  changes  to  the  opposite  direction,  and  as  the  carriage 
runs  in  the  arm  draws  back  the  chain,  causing  the  spindles  to  wind 
on  the  thread.  As  the  cop  increases  in  size  the  spindles  quicken  in 
speed.  The  main  agent  in  accelerating  the  speed  of  the  spindles  is 
the  worm  screw  inside  the  quadrant  arm,  which  lifts  up  the  nut  hold- 
ing the  chain,  giving  it  a  larger  sweep  of  the  arm  and  increasing  the 
speed  of  the  spindles.  As  the  more  complex  forms  of  the  quadrant- 
chain  motions  have  been  described  on  the  cotton  mule,  the  reader  is 
referred  to  these  paragraphs. 

Faller  and  counterfaller  wires  play  important  parts  in  the  winding 
on  and  the  formation  of  the  cop.  Various  mechanisms  have  been 
devised  for  driving  and  controlling  these  tools.  The  simplest  is  an 
arrangement  of  chain  levers  and  balancing  weights,  automatically  set  in 
motion  by  the  action  of  the  carriage.  Being  constant  in  its  function, 
the  counterfaller  is  still  lifted  and  depressed  in  that  manner;  but  the 
faller  is  generally  more  definitely  directed.  The  relation  of  the  faller 
wire  to  the  spindle  must  vary  according  to  the  direction  of  the  thread 
and  the  stage  of  the  winding-on  process.  Commencing  a  new  cop,  the 
faller  wire  is  depressed  to  the  lowest  point;  while  forming  the  base,  the 
motion  of  its  traverse  is  short;  but  when  the  body  of  the  cop  is  being 
formed,  the  faller  rises  and  falls  over  a  good  length  of  the  spindle.  In 
executing  these  movements  the  faller  is  assisted  by  the  cop  shaper  and 
copping  rail,  the  motions  of  the  faller  levers  being  guided  from  the 
headstock  through  the  long  shaft  on  which  the  levers  are  set. 

Though  the  thickness  of  the  woollen  thread  allows  a  certain  degree 
of  latitude  in  the  building  up  of  the  spool,  the  best  spinners  employ 
a  simple  form  of  cop  shaper  and  copping  rail.  The  arrangement  of 
those  levers  is,  as  nearly  as  possible,  the  form  of  the  cop  at  each  time  of 
the  carriage  traverse.  As  the  carriage  passes  along  the  incline  of  the 
copping  rail,  it  is  lifted  or  depressed,  and  the  shaper  gives  finer  detail 
to  the  action.  All  the  cops  are  thus  wound  uniformly  and  in  proper 
shape  (fig.  166). 

Mules  may  contain  150  spindles,  or  they  may  be  made  to  hold  500. 
In  the  Colne  Valley  district,  mules  of  300  spindles  are  mostly  employed. 
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As  a  rule  the  output  of  the  scribblers  determines  the  spindleage  on  the 
mules  following  them.  Factory  conditions  also  govern  the  sizes  of  the 
frames;  for  every  additional  spindle  adds  on  at  least  2  in.  to  the  length 
of  the  frame,  and  space  in  factories  is  very  valuable.  On  the  other 
hand,  it  is  better  to  have  a  few  long  frames  than  many  short  ones, 
because  the  same  number  of  spindles  can  be  got  into  smaller  space, 
the  number  of  headstocks  is  smaller,  and  the  expense  of  driving  and 
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attendance  is  reduced.  This,  however,  is  the  business  of  the  mill 
builder  and  architect.  We  mention  the  matter  because  another  form 
of  frame  has  been  brought  into  the  market,  specially  designed  to 
economize  space  and  expense  in  working.  We  refer  to  the  double- 
spindled  frames. 

On  the  carriage  two  rows  of  spindles  are  geared;  the  front  row  of 
spindles  are  shorter  than  the  spindles  of  the  back  row,  to  keep  the 
points  well  apart  and  avoid  the  risk  of  entanglement  of  the  threads. 
Each  row  of  spindles  has  its  own  range  of  delivering  rollers,  the  rollers 
being  set  so  that  the  distance  from  roller  nip  to  spindle  point  may  be 
the  same  in  each  case.  Being  driven  by  bands  from  the  same  tin 
roller,  the  spindles  have  the  same  speed.  The  difficulty  of  arranging 
the  fallers  and  counterfallers  has  been  overcome  by  gearing  levers 
within  the  carriage,  which  carry  long  arms  upholding  and  guiding 
the  wires.  The  levers  are  effective,  and  act  promptly  and  accurately. 
Some  disadvantages  belong  to  the  duplex  spindle  frame,  but  the 
advantages  are  also  considerable.  For  spinners  to  whom  space  is 
valuable,  those  whose  works  are  situated  in  the  heart  of  large  towns, 
for  instance,  the  frames  offer  distinct  chances  of  gain.  The  saving 
in  the  wages  of  doffers  and  piecers  is  another  item. 

Comparison  of  Woollen  and  Worsted  Yarns. — The  difference 
between  woollen  and  worsted  yarns  is  essential ;  no  one  who  has 
once  compared  specimens  of  both  can  mistake  the  one  for  the  other. 
Some  fine  woollen  yarns  may  superficially  resemble  worsteds  of  a 
like  quality,  but  close  examination  shows  the  difference  at  once.  The 
fibres  of  a  woollen  thread  are  all  tangled,  of  varying  lengths,  short 
and  long,  the  ends  of  the  fibres  showing  at  all  points.  This  imparts 
to  the  yarn  its  rough,  woolly  appearance.  After  being  carded,  and 
separated  from  each  other,  with  an  inevitable  degree  of  parallelism,  the 
fibres  are  again  tangled  in  the  condenser,  being  rolled,  balled,  and 
felted  together.  The  drawing  of  the  woollen  yarn  takes  place  simul- 
taneously with  the  twisting,  the  aim  being  to  preserve  the  tangling 
as  much  as  possible  under  the  drawing  necessary  for  attenuation  of  the 
yarn.  The  result  is  a  thread  with  a  solid  elastic  core,  the  density  of  the 
combination  decreasing  towards  the  surface. 

Worsted  yarn  is  the  contrary  of  all  that.  The  fibres  are  combed, 
the  combing  process  rejecting  all  the  fibres  either  too  short  or  too  curly 
to  combine  with  the  others.  By  elaborate  systems  of  drawing  we  have 
endeavoured  to  bring  all  the  filaments  into  close  and  parallel  relations. 
That  we  elect  to  continue  the  drawing  on  to  the  spinning  frame  matters 
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little;  the  twisting  is  distinct  from  the  drawing;  or,  at  least,  we  should 
say,  that  the  ideal  is  to  keep  the  operations  as  distinct  as  possible.  For 
prudential  reasons  we  impart  a  certain  degree  of  twist  to  the  slivers  as 
they  are  being  thinned;  but  the  less  twist  we  can  get  along  with  the 
better;  for,  in  that  case,  the  fine  parallelism  of  the  fibres  aimed  at  can 
be  more  easily  obtained.  The  ideal  worsted  thread,  therefore,  is  a 
perfectly  smooth  spiral  of  close  texture,  every  line  of  fibres  lying 
parallel  to  every  other.  Because  we  require  to  make  a  continuous 
thread  from  short  fibres,  absolute  parallelism  is  impossible;  the  ends 
of  the  successive  fibres  must  be  joined  on  to  each  other  by  overlapping 
and  twist,  but  the  limitation  is  a  limitation  only,  not  an  essential  bar. 
Through  the  processes  observed  the  worsted  spinner  has  in  his  hands 
materials  which  may  be  formed  into  a  comparatively  smooth  and 
lustrous  thread. 

Different  Worsted  Yarns. — Some  attempts  have  been  made  to 
bring  worsted  yarns  under  a  system  of  classification,  but  these  efforts 
only  succeed  in  making  confusion  worse  confounded.  Every  set  of  cate- 
gories we  can  frame  is  contradicted  by  experience,  even  if  the  categories 
are  not  self-contradictory,  which  they  very  often  are.  The  simplest  and 
soundest  method  of  classification  is  by  the  counts  to  which  a  given 
kind  of  fibre  will  spin,  and  that  needs  no  statement  at  the  present  time. 
The  old  maxim,  that  the  diameter  of  a  fibre  determines  the  count  to 
which  it  will  spin,  is,  on  the  whole,  fairly  correct,  though  the  excep- 
tions are  confessedly  numerous.  Nor  can  we  altogether  ignore  the 
justice  of  the  rough  classification  adopted  before  our  machines  had 
made  possible  the  large  variations  now  practised.  The  classes  num- 
bered five:  I,  Cashmere;  2,  Botany,  or  merino;  3,  coating,  or  home  and 
crossbred;  4,  hosiery;  5,  carpet.  These  yarns  are  still  sufficiently 
distinct,  though  some  of  the  classes  in  several  divisions  run  into  each 
other. 

Our  attitude  towards  these  matters  may  seem  very  critical,  but  it 
seems  to  us  better  to  state  the  actual  practical  fact  than  to  build  up 
airy  theories  which  disappoint  expectation.  It  may  be  that  another 
Arkwright  will  arise  and  bring  the  whole  of  textile  manufacture  into 
scientific  order;  but  we  question  whether  even  the  greatest  genius  could 
do  much  meanwhile.  Ordinary  men,  practical  experimenters,  analysts, 
and  others  have  much  work  to  do  before  the  genius  will  find  the 
materials  out  of  which  to  construct  unity  ready  to  his  hand. 

Systems  of  Worsted  Spinning. — Up  till  near  the  close  of  the 
nineteenth  century  there  was  only  one  system  of  spinning   practised 
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in  this  country,  though  there  were  three  different  spinning  frames 
employed.  After  a  long  period  of  doubt,  however,  British  spinners 
have  come  to  adopt  the  French  or  Belgian  system.  As  we  have 
previously  hinted,  the  French  system  involved  such  changes  of 
machinery  and  methods  that  it  has  only  been  adopted  wholly  by  a 
very  few  firms,  though  partially  by  many.  When  worsted  spinning 
has  been  sufficiently  studied,  we  may  institute  a  comparison  of  the 
two  systems.  Meantime,  it  is  enough  to  state  that  through  the  French 
system  the  mule  has  come  into  the  worsted  factory,  and  seems  likely 
to  stay. 

Worsted -spinning  Machines. — Machines  of  the  water-frame  type 
are  almost  universally  employed  in  the  British  system  of  worsted 
spinning.  The  yarn  manufacturer's  choice  of  the  throstle,  the  cap, 
or  the  ring  traveller  depends  less  on  the  relative  merits  of  the  frames 
than  upon  circumstances  of  an  accidental  nature.  A  large  factory 
may  have  all  three  within  its  walls. 

Having  discussed  minutely  the  spinning  action  of  those  frames,  we 
may  pass  on  to  consider  practical  points  and  the  special  features  of 
each  in  relation  to  worsted  work. 

Drawing  on  the  Worsted  -  spinning  Frames.  —  The  subject  of 
drawing  on  the  worsted-spinning  frames  has  not  received  the  same 
attention  from  British  spinners  as  the  Continental  spinners  have  given 
to  it.  On  all  the  three  frames  mentioned  the  drawing  apparatus  is  the 
same.  We  have,  in  each,  the  roving  creel,  the  back  rollers,  the  carrier 
rollers,  and  the  front  rollers.  The  back  rollers  of  the  worsted  frame  are 
peculiar,  or  rather,  we  should  say,  they  are  oldfashioned.  In  nine  out 
of  every  ten  factories  the  back  rollers  are  simply  pairs  of  iron  fluted 
rollers,  designed  in  the  days  when  mechanical  forces  were  so  distrusted 
that,  unless  the  machine  had  ten  times  the  power  necessary  it  was  not 
deemed  safe.  Recent  practice  has  substituted  the  leather-covered  roller 
for  the  top,  and  for  very  fine  wools  the  flutes  are  altogether  discarded 
on  the  lower  roller  of  the  back  pair. 

A  detail  new  to  us,  however,  is  the  carrier  rollers.  It  is  commonly 
asserted  that  the  two  pairs  of  rollers  placed  between  the  front  and  back 
rollers  merely  act  as  carriers.  If  the  fact  is  so,  why  has  not  a  simpler 
and  less  costly  method  of  carrying  the  sliver  across  the  reach  between 
back  and  front  pairs  been  devised?  The  experiment  has  been  tried, 
and  the  carrier  rollers  have  been  proved  indispensable.  The  carrier 
rollers  are  smooth  and  light,  and  therefore  can  exercise  very  little,  if 
any,  draft;   but  they  exercise  a  function  of  a  very  valuable  character. 
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Even  with  all  the  care  in  the  world,  the  worsted  roving  must  contain 
a  certain  proportion  of  fibres  shorter  than  the  average.  In  many- 
classes  of  wool,  the  difference  between  the  shortest  and  the  longest  hairs 
amounts  to  2  or  3  in.,  and  severe  rejection  of  the  shorter  fibres  would 
change  the  grade  of  the  wool  altogether.  If  drawn  straight  from  back 
to  front  rollers,  the  roving  would  quickly  show  the  presence  of  those 
short  hairs  and  send  them  through  the  front  rollers  in  lumps.  The 
carrier  rollers  act  as  smoothers  and  distributors  of  those  short  fibres, 
bearing  them  forward  in  company  with  the  longer  fibres.  For  the  front 
rollers  grip  on  to  the  long  fibres  first,  and  the  action  of  the  so-called 
carrier  rollers  sends  on  the  shorter  fibres  till  they  also  are  gripped  into 
the  front  rollers.  This  feature  is  noteworthy,  not  only  as  showing 
how  a  smooth  worsted  thread  should  be  produced,  but  also  as  an 
instance  of  practice  surpassing  the  theories  of  even  practical  men. 
Very  few  spinners  knew  or  understood,  till  very  lately,  that  the  carrier 
rollers  had  anything  to  do  with  the  formation  of  the  yarn. 

Front  Rollers. — The  front  rollers  on  nearly  all  frames  of  this  class 
measure  4  in.  in  diameter.  According  to  tradition,  the  large  size  of 
roller  is  demanded  by  the  average  length  of  the  wools  mostly  spun; 
but  it  may  be  pointed  out  that  some  of  our  finest  wools  average  little 
more  in  length  than  the  highest  classes  of  cotton,  which  are  spun  on 
frames  with  rollers  little  more  than  i  in.  in  diameter.  Manufacturers 
rightly  reply  that,  while  the  large  rollers  can  spin  both  long  and 
short  wools,  small  rollers  could  only  spin  short  tops.  We  mean 
that  we  admit  the  fact;  but  more  can  be  said.  In  the  infancy  of 
mechanical  spinning  the  argument  was  valid;  but  in  these  days  of 
high  specialization  and  great  factories  the  reason  seems  rather  inade- 
quate. Everybody  admits  that  small  rollers  would  produce  good 
results  on  fine,  short  wools,  and  it  is  more  than  suspected  that  longer 
drafts  would  be  possible  on  small  rollers.  The  subject  is  too  com- 
plicated to  be  discussed  here,  but  it  is  obvious  that,  if  a  cotton  spinner 
can  put  a  draft  of  i — 14  on  fibres  less  than  i  in.  in  length,  while  the 
spinner  of  fine  Botany  wools,  averaging  2  in.  in  length,  can  hardly 
venture  on  a  draft  of  more  than   i — 7,  there  is  something  far  wrong. 

Draft. — The  old,  rough  rule  for  drafting  was:  "Draw  equal  to  the 
average  length  of  the  fibre."  Present-day  practice,  however,  goes 
beyond  that  rule,  though  only  success  justifies  the  practice.  The  limit 
of  draft  has  not  been  satisfactorily  determined.  In  the  drawing  of  soft 
slivers  it  is  well  to  err  on  the  safe  side;  but  on  the  spinning  frames 
a  bolder  policy  may  be,  and  very  often  is,  adopted. 
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Worsted  Spinning  on  the  Throstle. — The  simplest,  most  easily- 
adjusted,  and  the  least  likely  to  go  out  of  order  among  spinning  frames, 
the  throstle  is  favoured  still  by  spinners  of  low  counts  and  carpet  yarns. 
We  have  described  at  length  the  common  throstle,  and  merely  recapitu- 
late here.  The  flyer  on  the  spindle  has  three  functions:  i.  Taking  the 
yarn  from  the  delivering  rollers  and  keeping  it  at  firm  and  regular 
tension;  2,  inserting  the  twist;  3,  winding  the  yarn  on  to  the  bobbin. 
The  spindle  is  driven  from  a  tin  roller  extending  along  the  centre  of  the 
whole  double  frame;  the  bobbin  has  no  motion  of  its  own,  being  drawn 
round  by  the  yarn  from  the  nose  of  the  flyer.  The  weight  of  the 
bobbin,  assisted,  when  necessary,  by  washers,  furnishes  the  drag  for 
winding  on,  the  speed  of  the  bobbin  being  less  than  that  of  the  flyer 
by  the  amount  of  yarn  delivered.  As  the  bobbin  increases  in  size, 
the  difference  between  its  speed  of  revolution  and  the  speed  of  the  flyer 
diminishes;  the  increased  weight  of  the  bobbin  makes  the  required 
increase  of  drag.  The  main  problem  throstle  spinners  are  called  upon 
to  solve  is  in  this  matter  of  drag.  When  the  barrel  of  the  bobbin  is 
small,  it  is  also  light;  it  therefore  needs  something  in  the  way  of  extra 
drag  to  maintain  the  proper  ratio.  When  the  bobbin  is  large  it  is  also 
heavy ;  the  ratios  of  size  and  speed  being  unequal,  the  result  frequently 
is  that  the  bobbin  outruns  the  flyer  in  speed  ratio.  No  general  theory- 
can  be  propounded  on  the  subject,  but  the  matter  must  be  carefully 
noted. 

Frequently  spinners  compare  the  relative  speeds  of  the  bobbin  and 
the  flyer  to  find  the  amount  of  twist  put  into  the  yarn ;  but  the  proper 
comparison  is  between  the  number  of  turns  of  the  flyer  and  the  number 
of  inches  delivered  by  the  front  roller.  Given  that  we  desire  five  turns 
to  the  inch  and  the  rollers  deliver  at  the  rate  of  600  in.  per  minute,  then 
the  flyer  must  revolve  3000  turns  in  the  minute.  This  way  of  stating 
the  fact  brings  out  the  essential  limit  on  the  productive  ability  of  the 
flyer  throstle  frame.  The  arms  of  the  spindle  extend,  say,  about  i  in. 
on  each  side  of  the  spindle,  and  they  are  5  in.  long.  The  centrif- 
ugal force  of  a  point  so  far  from  the  axis  of  revolution  is  very  great. 
When  driven  at  a  speed  too  high  for  the  resistance  of  the  metal  of 
which  it  is  composed,  the  flyer  breaks.  This  limit  is  generally  con- 
sidered to  be  about  6000  revolutions.  Compared  with  the  speed  of 
some  of  the  other  frames,  this  is  small,  limiting  either  the  production 
of  the  frame  or  the  number  of  turns  which  can  be  put  into  the  inch 
of  yarn. 

Spinning  Worsted  on  the  Cap-and-tube  Frame. — It  is  in  the  worsted 
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factory  that  the  cap-and-tube  frame  (fig.  167)  is  to  be  seen  at  its  best. 
No  better  machine  for  spinning  weft  yarns  has  been  invented.  The 
twist  is  soft,  regular  and  even,  and  the  winding  on  involves  a  minimum 
of  strain.  Having  adjusted  his  draft  and  the  speed  of  the  spool  for 
twist,  the  spinner  attends  to  these  points :    The  relation  of  the  diameter 


Fig.  167. — Diagram  of  Cap  Frame 

A,  Roving  creel.      B,  Guide.       c,  Back  rollers.       d,  Carrier  rollers.      e,  Front  rollers.      f.  Guide. 

G,  Spindle  and  Cap. 


of  the  cap  to  the  diameter  of  the  bobbin,  the  length  and  tension  of  the 
ballooning  of  the  thread  between  the  eye  of  the  thread  board  and  the  edge 
of  the  cap,  and  the  speed  of  the  lifter  plate  are  factors  that  regulate 
the  winding  on  of  the  yarn,  and  affect  the  character  of  the  twist  and 
texture.  The  greater  the  distance  from  the  eye  to  the  cap  edge,  and 
the  greater  the  difference  between  the  diameters  of  bobbin  barrel  and 
cap,  the  harder  the  drag  on  the  thread,  given,  of  course,  an  equal  speed 
of  spool  and  front  roller.     A  large  change  in  the  relative  diameters  of 
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spool  and  cap  means  a  considerable  variation  in  the  force  of  the  drag. 
In  practice  the  latter  is  generally  regarded  as  a  negligible  quantity, 
because  of  the  commercial  advantage  of  heavily  wound  spools  and  the 
preponderant  effect  of  the  aerial  drag.  The  distance  from  the  eye 
of  the  thread  board  and  the  edge  of  the  cap  being  constant,  the  spinner 
has  a  reliable  factor  with  which  to  work.  Adjustment  of  the  lifter 
plate,  which  carries  the  bobbin  up  and  down  within  the  cap  to  be 
wound,  calls  for  care.  Four  types  of  lifter  mechanism  are  offered  on 
the  machine  market.  These  are  the  heart-shaped  cam,  the  disc,  the 
chain,  and  the  screw-and-lever,  known  as  Scaife's,  details  of  which  will 
be  given  after  the  ring  frame  has  been  briefly  sketched.  No  matter 
what  lifter  is  employed,  the  danger  against  which  the 
spinner  on  the  cap  frame  has  specially  to  guard  is  the 
sudden  jerking  of  the  thread  on  the  edge  of  the  cap.  If 
the  changes  in  the  direction  of  the  lifter  are  not  smoothly 
done,  the  yarn  doubles  on  the  outside  of  the  cap  and  is 
wound  round  it.  There  may  be  other  causes  for  '*  licking", 
as  the  accident  is  named,  but  most  authorities  agree  that 
the  faulty  balancing  of  the  lifter  is  the  chief  cause. 

The  form  of  the  cap  may  help  to  bring  on  or  avert  lick- 
ing, and  the  bell-shaped  cap  is  most  commonly  preferred, 
partly  for  that  reason ;  but  very  often  the  spinner  has  no 
choice  of  caps,  because  he  is  asked  to  supply  yarns  wound 
on  double-flanged  spools.  Unless  a  very  wide  mouth  is  to 
be  given  the  cap,  the  bell  shape  is  quite  impossible.  Such 
caps  are  almost  straight  from  edge  to  apex,  with  a  slight  curve  at  the 
edge  (fig.  168).  Except  in  very  rare  cases,  this  slant  of  the  edge 
should  not  be  neglected.  A  straight  edge  would  set  up  severe  fric- 
tion, while  a  curve  too  soft  would  let  the  yarn  slip  without  drag.  As 
we  have  said,  the  bell  shape  fulfils  all  the  conditions  best;  for  the  finest 
weft  yarns,  with  few  turns  of  twist,  it  may  be  said  to  be  almost  ideal. 

Worsted  Spinning  on  the  Ring  Frame. — If  popularity  is  a  test 
of  the  value  of  spinning  frames,  the  ring  frame  does  not  rank  very 
high  in  the  worsted-spinning  trade.  The  frame  occupies  almost  the 
same  place  in  the  esteem  of  worsted  spinners  as  does  the  cap  frame 
among  cotton  spinners.  Nor  is  the  reason  hard  to  discover  in  the 
present  case.  Worsted  rovings  are  easily  frayed  out,  and  the  aim 
of  the  spinner  is  to  obtain  a  smooth  yarn.  Between  the  flying  balloon 
and  the  ring,  the  drawn  worsted  stands  a  very  good  chance  of  being 
opened  out.     For  the  ring  frame  employed  in  the  worsted  factory  differs 
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Fig.  168.- Bell 
Cap  for  Spools 
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in  no  essential  respect  from  that  used  for  cotton  spinning  Coming- 
from  the  drawing  rollers  and  passing  through  the  eye  of  the  thread 
board,  the  yarn  is  drawn  through  the  little  steel  hook  we  call  the 
traveller  and  thence  on  to  the  bobbin.  The  spindle  inserts  the  twist, 
and  the  bobbin,  fixed  firmly  on  the  spindle,  winds  on  the  yarn  through 
the  agency  of  the  ring  traveller,  aided  by  the  drag  of  the  air  on  the 
ballooning  thread. 

As  we  have  pointed  out,  in  analysing  the  action  of  the  various 
spinning  appliances,  there  are  two  ways  in  which  the  drag  in  the 
ring  traveller  frame  varies.  The  rail  on  which  the  ring  is  fixed 
moves  up  and  down  to  wind  the  yarn  over  the  whole  bobbin ; 
therefore,  the  size  of  the  balloon  varies,  and  consequently  its  drag- 
ging force.  Again,  the  diameter  of  the  bobbin  changes,  whilst  the 
circle  of  the  traveller  remains  constant.  Singly,  these  variations 
might  not  signify  very  much,  but,  when  taken  together,  they  have 
a  definite  effect  on  both  the  regularity  of  the  yarn  and  the  firmness 
of  the  bobbin,  spool,  or  cop. 

The  ring  frame  has  some  merits.  With  all  the  proper  appli- 
ances, it  can  be  worked  at  a  very  high  speed  and  produces  firmly 
twisted  warp  yarns  at  the  rate  of  700  in.  per  minute.  Where 
twist  and  rapid  production  are  desired,  the  ring  frame  can  be  very 
profitably  employed.  Spinners  of  warp  yarns  of  low  counts  could 
hardly  find  a  better  machine  for  their  work. 

Lifters. — Simple  as  they  are  in  general  structure,  none  of  the 
continuous  spinning  frames  has  settled  into  a  definite  and  perfect 
type.  Uniformity  is  not  absolutely  essential;  but  if  one  form  could 
be  devised  which  would  be  clearly  superior  to  all  others  and  satisfy 
the  legitimate  wishes  of  the  trade,  it  would  certainly  become  the 
standard.  The  appliances  which  operate  the  lifter  plate,  and  those 
which  adjust  the  tension  of  the  spindle-driving  bands,  are  examples. 
We  have  noted,  in  course,  two  kinds  of  lifter  apparatus,  the  heart- 
shaped  cam  and  the  chain  lifters;  but  there  are  at  least  other  two 
of  some  value  and  worthy  of  being  compared  with  the  devices 
mentioned. 

Hodgson  Lifter. — This  is  an  ingenious  adaptation  of  the  double- 
disc  lifter  only  to  be  seen  now  on  the  flax-spinning  frames.  It 
consists  of  a  peculiarly  shaped  disc  cam,  grooved  spirally  to  carry 
round  a  bowl  with  a  shaft  acting  on  the  levers  of  the  lifter  rail. 
Presenting  an  undulating  surface,  the  cam  causes  the  disc  on  its 
surface  to  move  up  and  down   like  a  carriage  on  a  switchback  rail- 
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way.     When  the  bobbin    is   empty,   the   bowl   starts  near  the  centre 
of  the  disc;    there  the  undulations   are   shallow,   and,   of  course,   the 


Fig.  169. — Lifter  Motion  (J.  Hetherington  &  Sons) 

A,  Shaper  plate,     b.  Stud  bracket,     c,  Rack  pinion.     D,  Bevel  on  upright  shaft.     E,  Tapering  bevel  gearing 
with  bevel  on  upright  shaft.     F,  Ratchet  change  pinion 

circles  small ;  the  motions  of  the  lifter  plate  or  rail  are  therefore 
short.  Gradually,  however,  the  bowl  is  brought  out  farther  on  the 
disc,   where   the   undulations   are   deeper  and   the   circles  wider,    and 


^a 


Fig.  170. — Hodgson's  Lifter  Motion 


communicating  its  motions  to  the  levers  controlling  the  lifter  plate, 
the  bowl  causes  it  to  make  a  longer  traverse.  When  the  bowl  has 
been  brought  to  the  edge  of  the  disc   cam,   it  continues  to  revolve 
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round  it  till  the  bobbin  is  filled.  Because  driven  by  the  same 
motor,  the  long  traverse  of  the  lifter  is  carried  through  in  the  same 
time  as  the  short  traverse;  this  quicker  motion  corresponds  to  the 
acceleration  of  the  bobbin  as  its  bulk  increases. 

All  the  parts  of  the  Hodgson  lifter  are  very  rigid,  and  admit 
of  no  variation  in  working;  when  the  bowl  becomes  worn,  or  any 
other  slight  defect  appears,  the  whole  apparatus  is  thrown  off  its 
balance.  Lack  of  adaptability  and  unequal  distribution  of  the  yarn 
on  the  upper  part  of  the  bobbin  have  been  the  chief  faults  found 
in  the  Hodgson  lifter  motion.  On  frames  spinning  strong  and 
heavy  yarns  it  still  does  very  well. 

Scaife's  Motion. — One  of  the  newer  lifters,  the  Scaife  appliance, 
contains  adaptations  of  many  of  the  old  ideas.  Though  highly 
efficient,  this  lifter  is  a  very  complex  apparatus,  scarcely  to  be 
understood  on  paper  without  a  series  of  diagrams.  Curiously 
enough,  the  thing  itself  does  not  look  very  complex,  and  can  be 
easily  worked  by  a  spinner  of  ordinary  intelligence,  after  he  has 
been  shown  the  proper  method.  Three  mechanical  principles  are 
utilized  in  the  Scaife  lifter:  the  heart-shaped  cam,  the  screw,  and 
the  lever.  From  the  heart-shaped  cam  we  get  the  quick  stroke  of 
the  lifter;  the  stroke  is  communicated  through  a  pair  of  levers, 
on  which  bowls  are  fixed;  the  levers  are  automatically  adjusted  to 
each  other  by  means  of  a  slide  which  is  moved  by  a  wheel  on  the 
screw  shaft.  The  screw  is  geared  to  the  shaft  of  the  heart-shaped 
cam  through  a  train  of  wheels.  According  to  the  number  of  teeth 
on  the  wheels,  the  screw  is  driven  faster  or  slower,  which  determines 
the  speed  of  the  lift  of  the  lever.  The  adjustments  are  very  fine,  and 
the  spinner  can  obtain  any  length  of  stroke  in  any  given  interval  of 
time  he  may  require.  That  is  to  say,  he  can  shape  the  spool  in  any 
manner  he  pleases,  with  as  much  or  as  little  yarn  as  seems  to  him 
good. 

Tension  of  Drive. — On  every  spinning  frame,  but  specially  on 
those  in  which  the  elevation  of  the  driving  whorl  is  changed  by 
the  lift,  the  tension  of  the  driving  bands  has  been  a  source  of  much 
trouble.  Every  spindle  has  its  own  driving  band  coming  from  the 
tin  cylinder  in  the  centre  of  the  frame.  Lately  spinners  have 
adopted  the  device  of  making  one  band  serve  two  pairs  of  spindles, 
though  with  doubtful  success.  Whether  employed  to  drive  one,  a 
pair,  or  two  pairs,  the  bands  wear  out  irregularly  under  the  great 
strain   of   the    drive.     Some    are    slack,    while    others    remain    tight, 
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with  consequent   irregularities   both   on   the   spindles  and  on  the  tin 
cylinder. 

To  counteract  the  lift  of  the  driven  whorl,  some  machinists  give 
the  cylinder  a  corresponding  lift,  so  that  the  centre  of  the  axis  of 
the  cylinder  is  always  opposite  the  centre  of  the  whorl ;  but  this 
device  can  be  applied  only  to  single  frames,  or  to  frames  in  which 
the  lift  on  both  sides  of  the  double  frame  is  simultaneous.  Alter- 
natively, the  double  frame  can  have  two  tin  cylinders,  and  this  is 
often  the  case. 

Keeping  to  the  single  tin  cylinder,  especially  on  the  cap-and- 
tube  frame,  a  different  method  has  been  successfully  tried.  The 
shape  of  the  wharves  has  been  changed  from  the  grooved  pulley 
to  the  barrel  form;  tapes  have  been  put  on  instead  of  bands;  and 
a  tension  pulley  with  a  fixed  weight  has  been  hung  beside  the 
cylinder.  The  tendency  of  the  attached  weight  is  to  draw  the 
pulley  away  from  the  cylinder,  and  therefore  to  pull  the  tapes 
round  them  both.  When  the  pressure  of  the  lifter  is  applied,  the 
tension  pulley  just  yields  enough  and  no  more,  giving  up  as  much 
tape  as  the  additional  distance  between  the  whorl  of  the  spindle 
and  the  centre  of  the  cylinder  demands. 

The  whole  question  of  driving  bands  and  tapes  yet  remains. 
It  is  frankly  admitted  by  efficient  machinists  that  7  per  cent  must 
be  allowed  for  the  slip  of  the  driving  bands  on  even  the  best 
throstles  or  ring  frames.  The  loss  of  power  implied  is  very  great, 
and  should  hardly  be  borne,  except  under  inexorable  compulsion. 
That  such  a  compulsion  exists,  we  fail  to  believe. 

French  Worsted  Spinning  or  Worsted  Spinning  on  the  Mule. — 
Every  year  large  quantities  of  worsted  yarns  are  imported  into 
Great  Britain  from  France  and  Belgium.  Manufacturers  of  hosiery 
and  dress  goods  buy  those  yarns  because  they  are  more  suitable 
for  their  work  than  yarns  procurable  from  spinners  in  this  country. 
French  yarns  are  also  cheaper  than  yarns  spun  by  British  spinners 
for  similar  purposes.  It  is  possible  to  abolish  the  difference  in 
price  between  the  two  commodities;  but  the  differences  in  manu- 
facturing cost  and  quality  would  remain,  and  these  factors  alone 
concern  us  as  manufacturers.  The  broad  fact  is  that  our  Conti- 
nental rivals  can  produce  yarns  of  more  suitable  quality  from 
cheaper  wools  and  with  less  labour  than  we  are  able  to  do.  Upon 
this  fact  attention  should  be  concentrated. 

French    and    English    Drawing    Compared. — We    revert    to    the 
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drawing  process,  for  there  is  the  root  of  the  matter.  After  the  first 
or  second  of  the  seven  or  eight  drawing  operations  in  the  English 
system,  twist  is  put  into  the  slivers.  Twist  is  necessary,  because 
the  slivers  are  drawn  in  drawing  rollers,  without  any  support; 
otherwise  the  soft  threads  would  break  up.  We  have  noted,  how- 
ever, that  the  French  drawing  frames  are  of  such  a  form  as  to 
render  twist  of  the  slivers  unnecessary.  In  the  gaps  between  the 
drawing  rollers  there  are  porcupines,  or  spike-covered  rollers,  which 
carry  the  very  softest  of  slivers  safely  along.  Further,  the  slivers 
are  given  a  certain  measure  of  cohesion  by  the  felting  or  condensing 
leathers,  which  interpose  between  the  drawing  and  the  delivering 
rollers.  The  twist  imparted  in  the  English  system  of  drawing  has 
several  effects,  advantageous  and  otherwise;  but  the  effect  to  which 
attention  should  be  specially  directed  meantime  is  that  it  hinders 
draft.  On  the  other  hand,  the  French  method  of  condensing  has 
no  effect  on  the  draft  whatever.  With  a  high  quality  of  wool  the 
slight  hindrance  of  the  draft  matters  little,  because  all  the  fibres 
are  of  nearly  equal  length;  but  when  there  is  a  disparity  in  the 
lengths  of  the  fibres,  the  short  fibres  are  certain  to  bunch  together 
and  cause  lumps.  Having  no  twist  to  overcome,  the  slivers  on  the 
French  drawing  system  are  evenly  drawn,  and  the  relative  lengths 
of  the  fibres  are  scarcely  discovered.  In  this  we  have  the  main 
cause  of  the  lower  price  of  the  French  yarns.  With  an  inferior 
wool,  our  neighbours  on  the  Continent  are  able  to  produce  a  quality 
of  fine  yarn  apparently  equal,  at  least,  to  the  yarns  spun  in  this 
country.  The  difference,  indeed,  is  felt  all  through.  The  French 
can  start  with  a  Buenos  Ayres  wool,  dispense  with  severe  combing, 
and  obtain  a  sound  thread ;  we  start  with  a  fine  Botany  top,  comb 
a  considerable  portion  into  noils,  and  obtain  a  thread  which,  for 
dress  weft  and  hosiery  purposes,  is  considered  inferior,  because  of 
a  lower  count,  though  it  may  be  a  better  quality  of  yarn  and  serve 
better  for  warps  and  the  very  highest  class  of  cloths.  The  secret  of 
the  large  import  of  yarns  from  the  Continent  does  not,  as  we  see, 
lie  very  deep  below  the  surface.  Discussion  of  racial,  political,  fiscal, 
and  other  such  matters  is  therefore  wholly  irrelevant;  the  main  factors 
in  the  case  are  all  contained  within  the  factory  itself. 

In  an  earlier  chapter  we  have  considered  the  partial  adoption 
of  the  French  drawing  system,  and  very  little  addition  is  necessary 
to  explain  the  whole  system.  Like  ourselves,  the  French  spinners 
have  been  economical  of  invention  in  the  drawing  department.     The 
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first  drawing  frame,  on  a  finer  scale,  is  employed  in  the  subsequent 

operations.  A  set  of  French  drawing 
frames  corresponds  in  function  and 
method  of  working  to  the  set  of  frames 
employed  in  English  drawing.  On 
these  machines  the  sliver  is  brought 


Fig.  171. — Fine  Gilling  Frame 
A,  Creel.       B,  Gathering  roller.       c,  Feed  rollers.       D,  Gills.       E,  Delivery  rollers.       F,  Bobbin. 

to  a  very  fine  state,  the  leathers  condensing  and  pressing  the  fibres 
together,  to  give  them  the  cohesion  necessary. 
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Fig.  172. — Intermediate  Condenser :  Plan 

A,  Creel,     b,  Collecting  guide,     c,  Drawing  rollers,     d,  Carrier  rollers,     e,  Porcupine  roller,     f,  Front 
rollers.     G,  Condensing  rubbers,     h,  Delivery  guide.     I,  Bobbin  cheese. 

To  make  this  clear,  the  three  main  stages  of  the  process  may  be 
illustrated : — 
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I.  Fine  Gilling  Frame. — Corresponding  to  the  slubbing  frame  in 
cotton  spinning,  the  fine  gilling  frame  (fig.  171)  has  a  creel  fitted  for 
eight  of  the  bobbins  of  very  soft  sliver  which  were  taken  from  the  draw- 
ing frame.      Six  slivers   are  more  commonly  combined.     These   soft 

ropes  are  collected  in  the  tube,  pressed 
together  in  the  gathering  rollers,  carried 
forward  with  a  combing  motion  by  the 
porcupine  feed  rollers,  drawn  out  by  the 
faller  gills,  taken  off  by  the  porcupine 
delivery  rollers,  and  wound  softly  on  the 
friction-driven  bobbins. 


Fig.  173. — Intermediate  Condenser:  Vertical  Section 
A,  Creel.       B,  Collecting  tube.      c,  Condensing  rubbers.      d,  Delivery  guide.      e.  Bobbin. 


2.  Intermediate  Condenser. — Not  less  interesting  is  the  intermediate 
condenser  (figs.  172  and  173).  The  frame  is  double,  with  two  slivers 
to  each  pair  of  condensing  rubbers.  The  slivers  are  combined  in  the 
guide  and  pressed  together  between  the  first  pair  of  drawing  rollers. 
Passing  through  the  carrier  rollers,  which  have  no  draft,  the  slivers  are 
again  combed  and  drawn  on  the  porcupine  rollers,  to  be  taken  by  the 
front  drawing  rollers  and  delivered  to  the  pair  of  oscillating,  revolving 
condensing  rubbers.  When  the  slivers  come  to  the  rubbers,  they  are 
flat  and  riband-like;    but  the  rubbers  change  them  quickly  into  fine 
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round  threads,  with  a  certain  degree  of  tensile  strength  and  devoid 
of  twist. 

3.  Finisher  Roving  Frame. — Closer,  swifter,  and  with  a  greater 
draft  than  the  intermediate,  the  finisher  roving  frame  (figs.  174  and  175) 
yet  bears  a  strong  resemblance  to  it  in  main  particulars.  Because  no 
twist  has  been  put  on  the  threads,  a  draft  of  12-1  may  be  accomplished 
on  these  frames.  The  condensing  rubbers  help  to  restore  slightly  the 
tensile  strength  taken  out  by  the  heavy  draft,  but  the  special  feature  of 
the  finisher  roving  frames  shows  how  slender  is  the  strength  of  the 
rovings.  Between  each  two  rubbers  there  are  a  pair  of  roving  guides, 
each  one  of  which  carries  a  roving  to  a  bobbin,  which  is  driven  by 


Fig.  174. — Finisher  Roving  Frame:  Plan 

A,  Creel,     b.  Collecting  bar.     c.  Collecting  tube,     d,  Back  rollers,     e,  Intermediate  rollers,     f,  Porcupine  rollers. 
G,  Front  drawing  rollers,     h.  Condensing  rubbers,     i,  j,  Delivery  guides,     k,  Receiving  bobbins. 


friction  rollers.     In  this  manner  the  French  system  produces  fine  yarns 
from  wools  not  otherwise  capable  of  such  uses. 

Worsted -spinning  on  the  Cotton  Mule. — On  the  woollen-spin- 
ning mule  the  drawing  rollers  are  conspicuously  absent;  but  they 
reappear  on  the  French  worsted-spinning  mule,  with  even  more 
important  functions.  The  slivers  are  fine  when  taken  from  the 
last  drawing  frame;  but,  of  course,  not  so  fine  as  the  rovings 
from  the  finishing  boxes  of  the  English  worsted-drawing  system. 
The  mule  rollers  have,  therefore,  a  good  deal  to  do;  but  they  are 
also  well  fitted  for  the  work.  On  the  average  throstle  frame  the 
front  drawing  rollers  are  4  in.  in  diameter;  but  on  the  mule 
frame  the  front  rollers  are  scarcely  more  than  half  that  thickness. 
The  small  rollers  nip  on  to  the  short  fibres  and  keep  them  in  place. 
Add  to  this  the  fact  that  the  sliver  has  been  condensed,  and  you 
have  a  set  of  conditions  which  make  efficient  and  long  draft  on  the 
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mule  possible.     In  practice  the   draft  is  frequently   10  to   i — that  is, 
the  spun  yarn  is  ten  times  the  length  of  the  condensed  sliver. 

As  soon  as  it  issues  from   the   front   rollers,   the   drawn    sliver  is 

seized  by  the  spindles  of  the  mule  carriage, 
which  at  once  begin  to  twist  it.  Having 
been  kept  parallel,  except  for  the  trifling 
deflection  of  the  condensing,  the  fibres 
naturally  twine  round  each  other  with  fine 
regularity,  forming  a  strong  and  even 
thread. 

The  whole  operation  of  the  frame  re- 
quires careful  judgment  and  intelligence. 
Though  condensed,  the  slivers  are  feeble, 
and  must  be  very  delicately  handled.  The 
spools  of  fragile  sliver  are  hung  so  as  to 
wind  off  to  the  back  rollers  with  the  least 


Fig-  175.— Section  of  Finisher  Roving  Frame 

A,  Creel,     b,  Collecting  bar.     c,  Collecting  tube,     d.  Back  rollers,     e,  Intermediate  rollers,     f,  Porcupine  roller. 
G,  Front  drawing  roller,     h,  Condensing  rubbers,     i,  j,  Delivery  guides,     k,  Receiving  bobbins. 


possible  friction ;  the  vibration  of  the  frame  is  reduced  to  a  minimum ; 
the  outward  movement  of  the  carriage  is  in  strict  harmony  with  the 
delivery  of  the  front  rollers.  A  certain  amount  of  twist  is  put  on  the 
thread  to  give  it  cohesion  while  being  carried  out  to  the  full  stretch; 
after  that  as  much  twist  is  imparted  as  the  nature  of  the  yarn  demands, 
the  sfiindles  revolving  while  the  carriage  is  near  the  end  of  its  course. 
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The  long  length  of  yarn,  perfectly  horizontal  and  free  from  disturbing 
influence,  is  twisted  on  its  own  axis,  the  conditions  afforded  thus 
being  the  best  for  the  production  of  a  fine  and  regular  yarn. 

The  mule  affords  the  weft  spinner  another  and  obvious  advantage 
in  winding  on.  Throstle  frames  wind  best  on  bobbins;  but  the 
mule  winds  cops,  either  with  or  without  paper  tubes.  With  the 
appliances  now  available,  the  winding  on  of  the  mule  is  very  nearly 
perfect,  and  the  cops  formed  are  prized  by  the  weavers. 

French  spinning  has  its  inherent  disadvantages;  but  to  us  it 
is  a  comparatively  new  thing,  and  the  advantages  of  it  should 
be  fully  understood,  in  order  that  the  resources  of  the  trade  may 
be  enlarged.  In  every  system  of  mechanical  spinning  difficulties 
are  to  be  met  and  overcome.  Moreover,  it  must  here  be  repeated 
that  machinery  has  not  altogether  dispensed  with  the  intelligence 
of  the  wool  spinner.  Spinning,  both  of  woollen  and  worsted  yarns, 
in  all  systems  and  under  any  conditions,  with  the  most  perfect 
machines  yet  invented,  is  still  a  skilled  craft.  The  physical  energy 
of  the  worker  has  been  supplanted  by  the  force  of  steam;  but  he 
is  called  upon  to  exercise  vigilance  and  ability  in  operating  the 
power-driven  frames.  The  element  of  skill  enters  so  largely  into 
the  work  that  we  can  lay  down  no  rules  on  many  points  which  the 
beginner  naturally  desires  to  have  settled  for  him.  How  many 
turns  per  inch  ought  to  be  given  a  certain  quality  of  yarn  of 
a  given  count,  for  example,  is  a  pertinent  question;  but  it  is  one 
which  a  hundred  manufacturers  would  most  probably  answer  in  as 
many  different  ways.  If  the  yarn  is  good,  sound,  and  fit  for  the 
purpose  designed,  a  slight  variation  in  the  number  of  turns  per  inch 
does  not  count  for  much. 

Spinning  Flax. — The  filaments  of  the  flax  fibre  are  held  together 
by  a  glutinous  substance,  which  is  hard  when  dry  and  appears  in 
excess  on  the  surfaces  of  the  fibres.  Such  a  hard  coating  hinders 
close  combination,  and  spinning  is  thorough  amalgamation.  Some 
defects  natural  to  fibres  are  tolerated,  either  because  ineradicable 
or  harmless;  but  if  flax  is  to  be  spun  to  any  degree  of  fineness,  the 
hard  glutin  must  be  rendered  innocuous  for  the  time  at  least.  Con- 
stituting a  valuable  part  of  the  composition  of  the  fibre,  it  cannot 
be  destroyed;  it  is  sufficient  if  we  soften  the  fibres  during  the  time 
of  spinning.  To  apply  a  chemical  at  this  stage  of  our  operations 
would  be  risky,  and  yet  we  know  that  the  substance  is  insoluble 
in  water  at  ordinary  temperatures.     Water  is  well  known,   however, 
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to  act  as  a  lubricant,  and  it  breaks  down  the  stiffness  due  to  dry- 
ness. Moreover,  water  raised  to  a  temperature  of  about  170°  F. 
possesses  a  certain  fermentative  quality,  which,  having  no  other 
agent  than  heat,  acts  only  while  the  water  is  being  applied.  Here, 
then,  we  have  our  desired  agent,  and  the  very  simplest.  The  dry 
rovings  must  be  saturated  in  hot  water  before  being  spun. 

Hot-water  Trough. — Flax  and  silk  are  the  only  textile  fibres 
to  which  heated  water  is  applied.  The  conjunction  is  significant. 
Very  probably,  in  the  far  past,  the  highest  of  animal  and  the 
highest  of  vegetable  textile  fibres  were  spun  by  the  same  persons, 
the  one  to  supplement  the  other. 

Under  the  creel,  and  between  it  and  the  drawing  rollers,  is  the 
shallow  trough  of  water,  kept  heated  by  a  steam  pipe  coiled  along 
its  bottom.  Rollers  revolving  in  the  trough  immerse  to  saturation 
the  rovings  as  they  are  brought  down  from  the  bobbins  on  the 
creel. 

Drawing  Rollers. — In  action  the  drawing  rollers  of  the  flax- 
spinning  frame  differ  in  no  way  from  the  drawing  rollers  on  the 
cotton  or  worsted  frames;  but  the  low  rollers  are  brass-covered  and 
deeply  fluted,  and  the  top  rollers  are  of  wood.  Dealing  with  such 
a  wet  yarn,  iron  rollers  would  be  corroded  in  a  very  short  time. 
The  back  rollers  press  out  the  moisture  and  send  the  threads 
forward  to  the  front  rollers,  which  draw  out  the  rovings  to  the 
required  fineness. 

Throstle  Spinning. — It  is  in  the  linen  factory  that  the  throstle 
(fig.  176)  can  be  worked  to  the  highest  advantage.  The  thread  is  heavy 
and  damp,  and  consequently  makes  little  or  no  ballooning.  Strong 
and  cohesive,  the  flax  affords  the  utmost  latitude  for  the  action  of 
the  winding-on  drag  of  the  bobbin.  From  the  thread  plate  the 
yarn  is  led  down  into  the  head  of  the  flyer,  in  through  one  of  the 
tubular  legs,  and  out  on  to  the  hook,  thence  on  to  the  bobbin 
loosely  sleeved  on  the  spindle.  Driven  at  4500  revolutions  per 
minute,  the  spindle  and  flyer  twist  the  spun  flax,  while  the  bobbin 
following  drags  on  the  thread.  But  flax  is  a  heavy  yarn,  and  as 
the  weight  of  the  bobbin  increases,  it  drags  so  fiercely  as  to  create 
momentum  for  itself;  if  not  checked  by  some  method,  the  bobbin 
would  overrun  the  flyer  long  before  it  was  filled.  Various  devices 
have  been  invented  for  adding  the  necessary  drag.  On  all  the  older 
frames  there  is  a  series  of  little  bands,  with  weights  attached,  one 
to  every  bobbin,  brought  over  the  lifter  rail  and  round  the  bobbin. 
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Fig.  176. — Wet-spinning  Frame — not  drawn 
to  scale.  (Combe,  Barbour  &  Combe,  Ltd., 
Belfast.) 

A  A,  Bobbins 
B  B,  Guide  rails. 
c,  Damping  tank. 

D,  Roller  in  tank. 

E,  Feed  rollers. 

F,  Drawing  rollers. 

G,  Guide  rail. 
H,  Flyer. 
J,  Weighted  lever  keeping  the  rollers 

in  contact. 
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The  bands  are  drawn  farther  and  farther  out  with  every  traverse 
of  the  lifter,  thus  adding  to  the  leverage  of  the  weights.  Another 
invention  is  the  *' spring,  self-acting  drag  motion".  This  is  a  long 
rod  attached  to  the  front  of  the  traverse  rail,  or  lifter.  From  the 
rod  spring  bands  come  out  to  hold  each  bobbin  between  them,  the 
degree  of  pressure  being  regulated  by  a  screw  at  the  end  of  the 
frame.  By  turning  a  handle  the  spinner  can  put  on  the  drag  as 
required.  The  labour  saved  is  very  considerable,  though  we  have 
not  observed  that  the  employment  of  the  device  has  become  general. 
Working  under  the  conditions  of  the  flax-spinning  room,  the  springs 
are  apt  to  get  out  of  order. 

Lifter  Motions. — For  a  similar  reason,  though  the  choice  of  lifter 
motions  for  such  a  simple  frame  as  the  throstle  is  very  large,  the 
heart-shaped  cam,  given,  in  some  cases,  a  quadruple  form,  is  most 
commonly  used.  It  works  with  fair  regularity,  and  does  not  readily 
clog  or  get  out  of  gear. 

Dry  Spinning  of  Flax  and  Hemp  Yarns  for  Twines  and  Ropes. 
— All  the  finer  yarns  are  wet  spun;  but  low  counts  for  coarse  linens, 
sheetings,  canvases,  twines  and  ropes,  as  well  as  most  hemps,  are  spun 
dry.  The  flax  frames  are  simply  large  throstles  of  the  very  simplest 
construction,  and  scarcely  worthy  of  special  note.  The  labour  em- 
ployed in  attending  these  frames  is  quite  unskilled,  and  sufficient 
working  knowledge  can  be  acquired  by  a  fairly  intelligent  person  in 
a  few  hours. 

Hemp  Gilling  and  Spinning  Frames. — The  rope-yarn  manufac- 
turers do  not  always  consider  it  necessary  to  employ  a  spinning  frame 
at  all.  They  simply  wind  the  rovings  on  to  a  yarn  bobbin,  after 
passing  them  through  the  chain  gilling  machine.  An  improvement 
on  this  practice,  with  a  similar  aim,  is  the  double-chain  gilling  machine, 
with  two  sheets  of  gills  and  the  bobbins  and  flyers  at  the  front  of  the 
frame.  Very  good  twine  and  rope  yarns  are  produced  on  this  frame. 
It  practically  eff'ects  both  the  roving  and  spinning  operations  without 
the  need  for  spooling  or  other  intermediate  operations.  For  long 
Manila  hemps,  carefully  drawn,  this  process  is  very  suitable,  and 
produces  swiftly  and  economically. 

Jute  Spinning. — Like  all  jute  machines,  the  spinning  frame  has 
been  specially  adapted  to  the  size  and  character  of  the  fibre.  Only  two 
pairs  of  drawing  rollers  are  employed,  and  the  average  draft  is  7 — i ; 
but  between  them  we  find  what  is  called  the  binder  plate,  which  acts  as 
a  carrier  for  the  roving  being  drawn.     Another  addition  to  the  ordinary 
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spinning  frame  is  the  second  conductor  immediately  behind  the  front 
rollers.  In  the  drawing  rollers  the  relations  of  size  are  peculiar,  the 
upper  roller  being  the  smaller  by  a  considerable  degree.  Because  of 
the  great  length  of  the  jute  fibre,  the  bottom  roller  must  have  a  circum- 
ference at  least  equal  to  the  length  of  the  longest  fibre  passed  through, 
or  else  doubling  would  take  place,  and  the  roving  find  its  way  up 
round  the  top  roller. 

Otherwise  the  jute-spinning  frame  is  nothing  more  than  a  very 
large  throstle  spinning  frame,  with  the  same  appliances  as  are  to  be 
found  on  the  flax  frame.  Drag  bands,  with  pendent  weights,  assist 
the  bobbin  to  maintain  a  regular  rate  of  revolution,  and  wind  on  the 
spun  yarn.  The  lifter  most  commonly  employed  is  the  old  form  of 
bowl-and-disc  arrangement,  though  more  modern  forms  are  being 
gradually  introduced. 

Automatic  "Doffing"  or  "Shifting".  —  When  the  bobbins  on  a 
spinning  frame  have  been  filled,  they  must  be  taken  off,  "doffed" 
or  "shifted",  by  hand.  For  this  purpose  the  whole  frame  is  stopped. 
Automatic  dofiing  appliances  have  been  invented,  but  none  of  them 
has  been  accepted  by  the  trade.  One  of  the  most  promising  attempts 
has  been  operated  with  some  success  in  the  jute  industry.  The 
"  Robertson  Frame ",  as  it  is  called,  possesses  two  special  features 
which  seem  to  be  of  some  value  (fig.  177).  First,  the  flyer,  instead  of 
being  fixed  on  the  head  of  the  bobbin  spindle,  is  carried  on  a  rail  above 
the  bobbin,  and  driven  separately.  Second,  the  bobbin  rail  is  a  square 
box,  geared  to  revolve  a  quarter  turn  every  time  the  bobbins  are  filled, 
and  having  bobbin  pins  on  each  side.  The  flyer  is  threaded  in  the 
ordinary  way,  the  yarn  being  led  round  the  empty  bobbin,  which  is 
standing  on  the  side  of  the  rail  at  that  moment  uppermost.  On  the 
pin  projecting  from  the  side  of  the  rail  lying  to  the  front,  another 
empty  bobbin  is  set.  When  the  first  bobbin  has  been  filled,  the  rail 
is  given  a  quarter  turn,  bringing  the  filled  bobbin  over  to  the  back 
of  the  rail,  and  the  empty  bobbin  up  to  the  position  for  filling.  A 
bare  pin  is  thus  brought  to  the  front,  and  upon  it  an  empty  bobbin 
is  placed.  When  the  second  bobbin  has  filled,  the  square  rail  takes 
another  quarter  turn,  causing  the  pin  holding  the  first  bobbin  to  pro- 
ject vertically  downwards,  discharging  the  bobbin,  and  bringing  the 
second  bobbin  round  to  the  back  of  the  rail.  When  the  third  bobbin 
has  filled,  the  same  sequence  of  operations  proceeds.  There  are  ap- 
pliances for  cutting  the  threads  and  taking  them  from  the  finished  to 
the  empty  bobbin,  and  other  supplementary  motions.     On  the  whole 
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the  machine  is  well  devised,  and  certainly  performs  automatic  doffing 
on  the  jute  frame. 

Some  experiments  have  occasionally  been   made  with  jute  in  the 
direction  of  finer  spinning,  and  the  results  have  proved  that  the  fibre 
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Fig.  177. — Robertson's  Patent  Sclf-doffing  Spinning  Frame 

A,  Empty  bobbin  in  front  of  frame.  b,  Bobbin  filled  on  lifter  rail,  c,  Filled  bobbin  turned  over,  ready  to  be 
dropped.  D,  Bare  spindle  after  bobbin  has  dropped.  E,  Square  rail  capable  of  revolving.  F,  Flyer  on  separate  spindle. 
G,  Driving  wharf  of  flyer.     H,  Belt  or  cord.     I,  Tin  cylinder  driving  flyer.    J,  Tempering  cord  on  bobbin. 

is  capable  of  much  higher  uses  than  those  in  which  it  is  commonly 
accepted  on  the  market;  but  buyers  are  very  slow  to  encourage  such 
adventures,  fearing,  it  is  supposed,  that  jute  might  be  made  a  general 
adulterate  of  the  higher-class  fibres.  Nor  is  the  fear  quite  groundless, 
for  many  of  the  lower-class  plushes,  which  are  believed  to  be  waste  silk 
at  least,  are  wholly  made  of  jute.     A  fair  and  honest  market,  however, 
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might  be  found  for  the  fibre  finely  spun,  if  confidence  were  thoroughly- 
established.  Very  probably  when  other  textile  fibres  are  raised  in 
price  the  opportunity  of  jute  will  arrive. 

Ramie  and  Waste -silk  Spinning. — Differing  in  many  respects, 
the  ramie  and  waste-silk  rovings  are  spun  on  the  same  kind  of  frame, 
viz.  the  fine  throstle  spinning  frame.  Ramie,  being  a  comparatively 
new  fibre  to  the  manufacturers  of  Europe,  still  hovers  uncertain  as  to 
its  ultimate  position  among  textiles.  On  behalf  of  those  who  desire 
to  exploit  it,  ramie  is  credited  with  an  enormous  power  of  draft  in 
spinning.  The  ordinary  spinner,  however,  finds  that  a  long  draft 
gives  twitty  yarn.  Certainly  very  fine  and  light  yarns  are  spun  from 
the  fibre,  but  they  are  hard  and  make  hard  cloth.  Much  requires  to 
be  done  by  specialists  in  ramie  before  it  can  be  made  an  integral  part 
of  the  textile  industry  and  take  its  place  with  cotton,  wool,  and  flax. 

Waste  or  spun  silk  is  limited  by  another  and  more  potent  cause. 
It  must  always  be  a  costly  product,  and  therefore  have  a  small  market. 
As  we  have  said,  there  is  nothing  to  be  learned  from  an  examination 
of  the  frames  used  for  these  fibres.  They  are  throstles  very  simply 
adjusted  to  the  character  of  the  rovings.  Any  skilled  spinner  of 
worsteds  or  cottons  can  undertake  to  work  the  waste-silk  frames  with 
very  little  trouble. 

The  short  drafts  or  noils  of  waste  silk  are  spun  on  the  cotton  mule. 
Very  fine  yarns  are  thus  produced,  and  it  may  be  a  serious  question  for 
spinners  whether  or  not,  after  all,  the  mule  is  the  proper  frame  for  the 
whole  waste-silk  industry. 

Particulars  of  Spinning  Frames 


The  Cotton  Mule  {Medium  Size) 

Number  of  spindles  ... 

...      1152 

Speed  of  spindle  per  minute 

...     varied. 

Gauge  of  spindles     ... 

...      i;^  in. 

Length  of  spindle  out  of  bolster    ... 

12  in. 

Diameter  of  spindle  wharve 

...     1  in. 

Diameter  of  tin  rollers 

...     6  in. 

,,             drawing  rollers:  front 

...     fin. 

back 

I  in. 

Draft  from  front  to  back     ... 

...     8. 

Gain    ... 

...     3  in. 

Traverse  of  carriage             

60  in. 

Speed  of  line  shaft   ... 

/  340  revolutions  per 
■"  \      minute. 

Diameter  of  back  scroll 

...     5  in. 

Product  per  spindle  per  week  of  56  hours     (iocs)  22  hanks. 
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Cott07t 

Rhig  Spinning  Frame 

Length  of  frame  (400 
Breadth         ,, 

spindles) 

..     46ft.  Sin. 
3  ft. 

Gauge  of  spindles     .. 
Speed  of  spindles 

... 

..     2\  in. 

f  8000  revolutions  per 
"  \      minute. 

Diameter  of  spindle  wharf  ... 

..     f  in. 

Lift      

...          ... 

..     5  in. 

Diameter  of  bottom  rollers :  front 

I  in. 

„            top 

>>              j» 

,,         second 
,,         third 
, ,         front 
,,         second 
,,         third 

..     1  in.  . 
..     iin. 
..     f  in. 
..     fin. 
..     if  in. 

M              ring 
Draft 

j> 

..      i^  in. 
6  in. 

Worsted  Throstle  Frame 

Le  n  gth  of  f ram  e 
Breadth         ,, 

..     26  ft.  I  in. 
...     5  ft. 

Number  of  spindles  .. 

200. 

Speed             ,, 
Gauge             ,, 
Size  of  full  bobbin    .. 

..     2500. 

.•     3?  in. 

..     4  in.  by  i  in. 

Width  of  flyers 

..     2>\  in. 

Diameter  of  bottom  rollers :  front 

..     4  in. 

»             top 

,,         back 
,,         front 
,,         back 

...      i^  in. 

••     5  in. 
2f  in. 

,,             carriers 
Draft 

top  ... 
bottom 

..     fin. 
..     1  m. 
..     6.6. 

Ends  up 

...     I. 

Cap  Spinning  Frame  {Medium  Botany) 

Length  of  frame,      ...         ...         ...         ...     26  ft.  i  in. 

Breadth         ,,  5  ft. 

Number  of  spindles  ..         ...         ...         ...     200. 

Gauge  ,,  3  in. 

Speed  ,,  (revolutions  per  minute)  7000. 

...     4  in.  by  I  in. 
2  in. 

...     4  in. 
1  in. 

...     5  in. 

...     2  in. 

...     f  in. 


Size 

of  full  bobbin    . 

Cap     ... 

Diameter  of  bottom  rollers : 

front 

„             top 

>> 

back 
front 
back 

carriers 


bottom 


Draft  ... 
Ends  up 
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Flax-spinmng  Frame 
Length  of  frame        ...  ...  ...  ...     24  ft. 

Breadth         ,,  3  ft. 

Number  of  spindles ...  ...         ...         ...      120. 

Gauge  ,,  ...         ...  ...      ^    ...     3  in. 

Speed  ,,  (revolutions  per  minute)  4500  \ 


Size  of  full  bobbin    . 

6  in. 

by  4  in. 

Lift      ... 

. . 

...     5  in. 

Diameter  of  bottom  rollers : 

front 

...     3  in. 

>> 

second 

...     3  in. 

>> 

third 

2  in. 

top 

front 

...     Sin. 

>> 

second 

...     4  in. 

>> 

third 

...     2  in. 

Draft  ... 

... 

...     7. 

Ends  up 

... 

.. 

...      I. 

CHAPTER   VII 
Doubling  and  Twisting 

Aims  and  Principles  of  Doubling. — Textile  yarns  are  doubled  and 
twisted  together  for  the  purpose  of  obtaining  strength,  thickness, 
variation  of  colour  and  form  on  single  threads,  or  other  ornamental 
effects.  In  essential  principle,  doubling  can  hardly  be  said  to  differ 
from  spinning;  the  main  operation  of  both  is  twisting;  but  the  char- 
acter of  the  materials  has  been  changed,  and  the  alteration  signifies 
more  than  appears  at  first  sight.  Working  with  a  soft  roving,  which 
he  attenuates  by  draft  and  strengthens  by  twist,  and  afterwards  winding 
on  the  finished  product,  the  spinner's  task  is  complicated;  the  work  of 
the  doubler  is  simpler,  because  his  material  is  a  set  of  threads  which 
he  has  to  twist  into  one  and  wind  on  to  a  spool.  The  simplicity  of 
doubling,  however,  does  not  go  far;  the  operation  brings  problems 
and  anxieties  of  its  own. 

The  doubling  trade  is  practised  in  all  textile  factories;  it  is  in  some 
respects  a  yarn-finishing  process.  But  there  are  some  doublers  who 
are  not  spinners.  The  special  and  characteristic  operation  of  the 
manufacturers  of  threads,  twines,  and  ropes  is  doubling.  For  the 
present,  however,  we  think  it  advisable  to  confine  our  study  to  the 
doubling  operations  which  supplement  the  spinning  processes  in 
making  yarns  for  the  weavers  of  fabrics.  Thread  production  is 
analysed  and  described  in  another  chapter. 
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Primarily  the  object  of  doubling  is  to  produce  a  strong  yarn. 
Anyone  unacquainted  with  the  principles  of  spinning,  or  one  who 
has  not  fully  understood  the  effects  of  the  process,  might  suggest  that 
the  simplest  way  of  producing  a  strong  thread  would  be  to  spin  one 
thick  enough.  Suppose  we  take  a  cotton  yarn  of  50  s  count,  would 
it  not  answer  the  purpose  quite  as  well  as  a  doubled  thread  of  the  same 
count?  A  twofold  iocs,  which  is  a  50s  count,  is  made  up  of  two  yarns 
of  IOCS  and  a  fraction  over.  Compare  the  two.  As  we  have  definitely 
and  very  specially  pointed  out,  twist  is  the  main  element  in  the  strength 
of  yarns;  without  twist  the  fibres  composing  a  thread  would  fall  apart 
at  the  lightest  pull.  A  single  yarn  is  twisted  only  once;  if  the  thread 
is  to  be  kept  soft  and  pliable,  the  turns  per  inch  must  be  kept  within 
a  narrow  limit.  Moreover,  the  finer  the  thread  the  more  turns  per 
inch  can  be  safely  put  into  it.  Instead  of  a  single  50s  yarn,  therefore, 
we  have  two  finer  yarns,  both  having  received  a  larger  share  of  the 
strengthening  twist.  Further,  in  the  doubling  another  twist  is  added, 
combining  the  yarns  and  imparting  greater  strength.  Hence  a  fine 
twofold  50  s  gives  a  breaking  strength  of  96  lb.  as  compared  with 
36  lb.  for  single  50  s. 

In  varying  degrees  the  same  advantage  accrues  from  doubling  in  all 
kinds  of  fibres.  The  device  has  added  enormously  to  the  resources  of 
the  textile  manufacturer.  If  he  is  willing  to  pay  the  expense,  the 
weaver  can  obtain  yarns  of  almost  incredible  strength.  By  spinning 
a  yarn  to  the  utmost  of  its  fine  capacity,  and  then  combining  two  or 
more  of  these  fine  yarns,  a  yarn  of  strength  otherwise  beyond  the 
capacity  of  the  fibre  can  be  produced. 

Excepting  for  special  purposes,  the  practice  is  to  double  yarns  of 
equal  counts.  A  textile  truth  of  high  value  here  appears.  If  two 
yarns  of  unequal  weight  are  combined  at  equal  tension,  the  lighter 
winds  round  the  heavier,  like  a  spiral  round  a  core.  If  the  one  yarn 
is  harder  than  the  other,  a  similar  effect  occurs.  The  reason  is  that 
twist  is  the  mutual  bending  of  yarns  over  each  other  by  each  other; 
if  the  one  is  heavier,  the  light  one  cannot  bend  it,  and  must  there- 
fore give  way  itself.  When  a  sound,  straight,  uniform  yarn  is  desired, 
the  component  yarns  must  be  equal  or  nearly  equal  in  weight  and 
flexibility.  In  the  construction  of  cloths  this  fact  is  of  the  very  greatest 
significance. 

Direction  of  Twist. — Though  the  direction  of  twist  belongs,  in 
the  first  place,  to  the  spinner,  the  effect  of  it  is  not  seen  until  we 
come  to  doubling.     It  is  possible  in   spinning  a  yarn  to  twist  either 
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from  left  to  right  or  from  right  to  left.  On  a  single  thread  of  cotton 
the  direction  of  the  twist  does  not  seem  to  matter  very  much;  but  when 
the  yarns  are  doubled,  or  trebled,  or  quintupled,  the  figure  of  the  twist 
assumes  visible  proportions.  Strong  single  threads,  like  heavy 
worsteds  or  linens,  show  the  form  of  the  twist  distinctly,  and  when 
doubled  the  lines  become  more  evident  still. 

In  the  wool  trade  two  terms  survive  which  must  have  been  in 
use  in  all  hand  spinning  at  one  time.  These  terms  are  openbajid  and 
crossband.  The  normal  position  of  the  band  from  the  wheel  to  the 
whorl  of  the  spindle  on  an  old  hand  wheel  was  extension  round  both, 
and  this  produced  a  left-to-right  twist  on  the  spun  yarn;  but  if  the 
spinner  desired  to  obtain  a  right-to-left  twist,  she  crossed  the  band 
before  putting  it  on  the  whorl,  causing  the  spindle  to  turn  in  an 
opposite  direction. 

When  doubling,  we  twist  the  yarns  together  in  the  direction  opposite 
to  that  in  which  they  have  been  spun,  unless  it  is  desired  to  conceal 
altogether  the  twist  of  the  thread.  Therefore  it  is  important  for  the 
doubler  to  note  whether  the  yarn  has  been  twisted  openband  or  cross- 
hand.  In  all  cloths  the  effect  of  twist  is  noticeable;  but  in  worsteds 
and  linens  the  effect  is  very  remarkable.  Patterns  are  formed  with 
no  other  thing.  The  slender  lines  of  twist  catch  the  light  in  a  par- 
ticular direction,  and  impart  to  the  surface  of  the  cloth  an  appearance 
which  is  unmistakable. 

Twisting  Frames. — In  the  early  years  of  mechanical  spinning  the 
doubler  took  his  machines  from  the  spinner.  Divested  of  the  drawing 
rollers,  it  seemed  that  a  common  throstle  or  mule  was  good  enough 
for  the  doubler.  There  are  still  in  use  many  old  mules  which  have 
been  converted  into  doubling  frames,  but  that  practice  is  quite  out 
of  date.  Special  doubling  frames  have  become  absolutely  necessary 
to  any  manufacturer  who  hopes  to  compete  successfully  in  the  market 
with  his  fellows.  In  general  structure,  however,  the  doubling  frames 
follow  the  same  lines  as  the  spinning  machines.  So  it  happens  that 
we  speak  of  a  doubling  mule,  throstle,  cap,  or  ring  frame. 

Yarns  Doubled. — In  the  doubling  department  the  essential  unity  of 

the  whole  textile  industry  becomes  strongly  evident.     In  the  doubling 

department  of  the  cotton  factory  we  may  see  silk,  ramie,  and  worsted ; 

in  a  worsted  factory  the  same  yarns  appear  at  the  doubling  frames, 

with  perhaps  the  addition  of  jute.     Doubled  cotton  goes  into  the  hands 

of  the  linen  weaver,  the  silk  weaver,  the  carpet  weaver,  the  hosiery  and 

lace    manufacturer.      The   exchanges   are  very  numerous   and    highly 
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intricate.      We    can   only   indicate    the    fact;    to   describe    it   fully   is 
impossible. 

Systems  of  Cotton  Doubling. — Properly  considered,  there  are  only 
two  systems  of  cotton  doubling — the  one  dry  and  the  other  wet;  but 
the  latter  system  is  subdivided  into  two,  named  English  and  Scotch 
respectively.  In  reality,  however,  the  English  and  Scotch  systems 
are  nothing  more  than  two  methods  of  doing  the  same  thing,  and 
hardly  worthy  of  being  distinguished  as  systems. 

Dry  Doubling. — The  object  of  dry  doubling  is  to  produce  a  fine 
weft  yarn  in  which  the  gloss  and  natural  character  of  the  fibre  are 
preserved.     Coloured  threads  are  doubled  dry. 

It  is  in  dry  doubling  that  the  twiner,  or  converted  mule,  finds 
a  sphere  of  comparative  usefulness.  The  twiner  proper  is  a  mule 
reversed,  though  old  mules,  divested  of  the  drawing  apparatus,  are 
frequently  employed.  On  the  stationary  frame  the  spindles,  with 
faller  wires,  are  set;  while  the  movable  carriage  holds  the  creel  of 
bobbins  or  spocis  from  which  the  yarns  to  be  twisted  are  supplied. 
When  the  carriage  is  close  up  to  the  frame  the  yarns  are  drawn  on 
to  the  spindles;  the  carriage  retreats,  letting  out  the  yarns,  while 
the  spindles  revolve  and  twist.  At  the  end  of  its  traverse  the  carriage 
stops,  and  the  bobbins  cease  paying  out  the  yarns;  the  spindles  con- 
tinue to  twist  till  the  required  number  of  turns  have  been  put  in ;  the 
fallers  then  come  into  action,  putting  the  yarns  in  position  for  winding; 
the  carriage  returns,  and  the  twisted  yarn  is  wound  on  to  the  bobbins. 
The  simplicity  of  this  operation  lends  itself  to  easy  manipulation,  and 
some  manufacturers  prefer  the  twiner  for  that  reason ;  but  the  mule 
frame,  on  the  whole,  fails  to  compete  with  its  rivals  as  a  twisting  frame. 

Throstle  Twisting. — Until  the  advent  of  the  ring  frame  the  throstle 
was  generally  accepted  in  the  trade  as  the  best  twisting  frame.  Under 
the  creel  a  guide  for  the  threads  is  placed,  and  beneath  it  a  pair  of 
large  rollers;  farther  down  is  the  thread  board,  and  then  the  spindles, 
with  flyers,  and  the  bobbin  sleeved  loosely  on.  Doubled  in  the  guide, 
the  yarn  passes  through  the  rollers  to  the  hook  of  the  thread  board, 
and  thence  to  the  head  of  the  flyer,  to  be  wound  on  to  the  spool.  As 
in  the  spinning  frame,  the  revolution  of  the  spindle  and  flyer  imparts 
twist,  the  number  of  turns  of  twist  to  the  inch  being  determined  by 
the  ratio  of  the  speed  of  the  spindle  to  the  delivery  of  the  rollers. 
Rapid  production  is  expected  from  a  twisting  frame,  and  to  wind  on 
rapidly  the  bobbins  must  slip  quickly  round  the  spindles.  In  order 
to  facilitate  slip,  the  spindles,  on  the  old  system,  were  oiled.      The 
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oil  saturated  the  bobbins,  staining  the  yarn,  and  rendering-  the  weights 
of  the  old  and  new  bobbins  unequal.  Drag  being  the  winding-on 
motive  power,   the  inequality  made  unequal  yarns. 

To  obviate  these  evils  Messrs.  Taylor  &  Ramsden,  of  Bolton, 
invented  an  improved  throstle  doubling  spindle,  which  has  since  been 
the  origin  of  several  other  improvements.  On  this  spindle  the  bobbin 
is  firmly  fixed,  whilst  the  flyer,  resting  upon  the  bolster  rail,  is  loosely 
placed  on  the  spindle,  legs  upwards.  The  parts  of  the  bobbin  and 
flyer  in  the  winding-on  operation  are  thus   reversed.     It  is  the  drag 


Fig.  178.— Gearing  of  Doubling  Frame 

of  the  flyer  which  causes  the  yarn  to  be  wound,  whilst  the  revolution 
of  the  spindle  and  fixed  bobbin  twist.  The  first  and  designed  advan- 
tage of  the  inverted  flyer  is  the  protection  of  the  bobbin  against  oil. 
Second,  the  bobbins  are  more  easily  doffed,  because  the  flyers  do 
not  need  to  be  removed.  Third,  the  form  of  the  bobbin  can  be  altered, 
enabling  the  doubler  to  put  more  yarn  on  to  each.  Fourth,  having 
no  fear  of  breaking  the  flyer  legs  by  centrifugal  motion,  the  doubler 
can  obtain  a  very  high  rate  of  speed  on  the  frames. 

The  chief  merit  of  all  flyer  doubling  frames  is  to  be  found  in  the 
smoothness  of  the  yarns  produced.  Protected  by  the  legs  of  the  flyer 
and  polished  by  frictional  contact  with  them,  the  yarn  is  delivered  in 
a  glossy,  wiry  condition. 

Cotton  Doubling-  on  the  Ring  Frame. — The  most  highly  developed 
doubling  machine  is  the  ring  frame  (fig.  178).     Some  of  the  improve- 
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ments  to  be  noted,  and  the  wet  troughs  which  are  the  feature  of  the  wet- 
doubling  system,  have  been  introduced  on  the  throstle ;  but  it  will  be 
easier,  and  save  repetition,  if  we  study  the  latest  improvements  on  the 
ring  frame. 

In  place  of  the  simple  guide  and  heavy  rollers  on  the  old  throstle 
frame,  we  now  have  on  the  ring  traveller  a  straight  iron  rod,  a  slit 
glass  guide,  a  small  top  roller,  a  glass  pillar,  a  bottom  roller,  and 
a  thread  board.  These  appliances  have  made  a  great  change  on  the 
doubling  frame,  and  must  be  examined  in  detail  (fig.  179).  From  the 
bobbins  hung  on  the  creel  above  the  frame  the  doubled  yarns  are  led 
under  the  iron  rod  and  into  the  slit  glass  guide.  Thence  the  yarn  is 
taken  in  between  the  pair  of  rollers,  the  smaller  of  which  is  on  the  top, 
and  round  over  the  top  roller,  to  encircle  the  glass  pillar  behind  the 
pair  of  rollers.  From  the  pillar  the  thread  is  passed  again  between 
the  rollers,  and  down  through  the  thread-board  hook  in  through  the 
ring  traveller  and  on  to  the  bobbin. 

Spindles,  stop  motions,  copping  rails,  and  other  appliances  are 
those  of  the  ordinary  ring  spinning  frame.  For  all  kinds  of  weft 
and  twist  this  machine  has  been  accepted  as  the  most  efficient. 

Wet  Doubling  (English  Method).  —  Spun  yarns,  and  especially 
those  which  have  been  hard  twisted,  have  a  certain  degree  of  elasticity, 
which  impairs  the  efficiency  of  the  doubling  twist.  To  kill  out  this 
spring  doublers  have  resorted  to  the  expedient  of  wetting  the  yarns. 
According  to  English  practice  saturation  of  the  fibres  is  not  necessary; 
it  is  sufficient  if  the  yarns  are  run  through  water  and  thus  damped. 
At  the  back  of  the  delivering  rollers  a  series  of  small  water  troughs, 
or  one  long  trough,  is  fixed  in  the  frame  (fig.  180).  Within  each 
trough  is  a  horizontal  glass  rod.  The  yarn  is  passed  under  this  rod, 
thus  becoming  immersed  in  the  water.  On  rising  out  of  the  water 
the  yarn  goes  through  the  delivering  rollers,  which  express  the  super- 
fluous fluid  from  it,  and  thence  to  the  ring  traveller.  To  prevent 
corrosion  the  rollers  are  sheathed  with  brass  or  copper. 

Wet  Doubling  (Scotch  Method). — The  Scottish  custom  is  different 
in  several  respects  from  the  English.  The  bobbins  are  taken  from 
the  spinning  frames  and  wound  on  specially  large  bobbins.  The 
reason  for  this  has  been  forgotten  by  many  in  the  trade;  but  it  is 
quite  a  good  one,  and  may  be  explained  here.  Very  early  in  the 
history  of  the  cotton  industry  Scottish  doublers  took  up  the  manu- 
facture of  thread,  and  many  factories  were  employed  on  doubling 
and   nothing  else.      It   suited   the  doublers  to  be  able  to  take  yarns 
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from  any  quarter  and  in  any  shape — in  hanks,  cops,  bobbins,  or  any 
other  form.  Therefore  they  had  doubling  bobbins  of  their  own,  very 
large,  and  capable  of  holding  great  quantities  of  yarn,  economizing 
labour  in  keeping  up  the  supply  on  the  creels. 

The  large  size  of  bobbins  has  rendered  a  special  structure  of  creel 
necessary;  but  that  detail  is  not  of  much  importance.  The  main 
difference  between  the  English  and  the  Scotch  method  is  in  the  way 
the  yarns  are  wetted.  On  the  Scotch  frame  (fig.  i8i)  the  trough 
is  always  continuous,  and  in  the  trough  the  under  roller  of  the  pair 
revolves.  When  the  combined  yarns  have  been  joined  in  the  eye  of 
the  guide  they  are  wound  round  the  bottom  roller  in  the  trough,  and 
come  up  to  pass  in  between  it  and  the  top  roller,  and  thence  to  the 
ring  traveller  and  bobbin.  The  doubled  yarn  is  thus  saturated,  and 
is  rid  of  superfluous  water  in  passing  through  the  rollers. 

In  every  other  particular  the  doubler  is  the  same  as  the  ring-traveller 
spinning  frame.  Calculations  of  twist,  speed,  &c.,  are  based  on  the 
same  formulse.  As  a  rule  the  doubling  frames  are  larger  than  the 
spinning  frames. 

Twisting  Woollen  and  Worsted  Yarns. — Woollen  yarns  are  very 
seldom  twisted  for  the  sake  of  gaining  strength ;  variation  and  intimate 
mixture  of  colour  is  the  main  object.  From  the  character  of  the  cloth, 
not  so  much  importance  attaches  to  the  tensile  strength  of  woollen 
yarns  as  to  the  coherence  of  the  fibres.  Twisting  hard  and  often  for 
strength  we  should  lose  the  softness  and  elasticity  which  we  most 
highly  value  in  woollen  cloths.  But  a  dark  woollen  fabric  is  intensely 
dark  and  sombre,  and  some  means  must  be  devised  of  lightening  the 
shadows.  All  the  most  popular  woollen  cloths  are  cunningly  coloured. 
On  the  surface  this  heather  mixture,  for  example,  is  quiet,  though  rich 
in  tone.  Pick  out  a  set  of  threads  and  untwist  them.  The  vividness 
of  the  colours  is  astonishing.  One  is  composed  of  olive-green  and 
crimson,  another  is  orange  and  black,  another  is  olive-green  and  black, 
another  is  blue  and  grey.  If  the  weave  of  the  cloth  were  also  taken 
into  account  it  would  appear  that  black  and  olive-green  were  the  pre- 
dominating colours,  with  orange,  crimson,  and  blue  coming  in  here 
and  there,  making  single  points  of  bright  colour,  producing  an  effect 
of  subdued  richness.  Technically  named  fancy  woollens,  these  cloths 
are  now  considered  normal  by  warehousemen  and  the  public. 

No  technical  difficulties  are  to  be  met  with  in  the  operation  of 
twisting  woollens  itself.  The  mule  twiner  finds  its  most  useful  function 
in  that  department. 


FOUR-FOLD    "UNIVERSAL"    STOP-MOTION    TWISTING    FRAME 
(Prince  Smith  &  Son,    Keighley) 


TWINE  TWISTING   FRAME:    SINGLE   SIDE 
(Wm.  Bywater,  Leeds) 
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Twisted  Effects  in  Worsteds. — Because  worsted  cloths  depend  for 
their  wearing  value  wholly  upon  the  quality  of  the  threads,  strength 
is  required  in  the  yarns.  A  fine  worsted  thread  has  been  spun  for 
the  purpose  of  making  it  strong;  but,  as  we  have  seen  in  connection 
with  cotton,  a  doubled  yarn  is  more  than  double  the  strength  of  a 
single  yarn.  Used  largely  for  the  weaving  of  cloths  for  men's  wear, 
and  therefore  subjected  to  severe  stresses,  worsteds  must  be  able  to 
resist  both  frictional  and  tensile  wear.  Vari-coloured  patterns,  how- 
ever, are  also  demanded  in  worsted  cloths,  and  for  the  purpose  of 
enlarging  the  scope  of  the  designer  the  yarns  are  also  vari-coloured. 
Not  only  is  there  variety  of  colour,  but  there  is  also  variety  in  the 
composition  of  the  yarns.  Silk  is  a  favourite  mixture  in  fine  worsteds 
for  men's  cloths,  and  fine  cottons  are  frequently  twisted  with  worsted 
yarns  for  women's  cloths.  Thus  doubling  or  twist  has  become  an 
important  branch  of  the  worsted  manufacturer's  work.  During  late 
years  special  machines  have  been  constructed  for  executing  the  twisting 
operation  quickly  and  economically. 

Appliances  for  Worsted  -  twisting  Frames.  —  The  spindles,  the 
driving,  copping,  and  general  structure  of  the  twisting  frames  are 
in  no  way  different  from  those  of  the  spinning  frames,  and  the  twister 
may  employ  the  throstle,  cap,  or  ring  frame  as  he  chooses;  but  the 
appliances  for  carrying  the  yarns  from  the  creel  to  the  head  of  the 
spindle  and  controlling  the  action  of  the  yarns  are  special  to  the 
worsted  -  twisting  frame.  Two  things  are  required  for  enabling  us 
to  twist  worsted  yarns  with  facility  and  at  small  cost.  One  is  an 
appliance  for  combining  the  yarns,  the  other  is  a  means  of  detecting 
the  failure  of  one  or  more  of  the  yarns  being  twisted. 

It  is  well  known  that  when  one  of  the  yarns  in  a  twofold  breaks, 
the  other  also  quickly  gives  way.  The  doubling  twist  is  always 
opposite  to  the  spinning  twist;  if,  therefore,  a  single  yarn  is  running, 
the  twist,  acting  on  the  single  thread,  untwists  it  and  breaks  it  up. 
We  take,  on  that  account,  the  doubling  twist  as  the  simpler,  leaving 
the  threefold  and  fourfold  twists  for  further  consideration.  In  the 
reach  of  the  frame  between  the  creel  and  the  spindle  we  find,  on  the 
modern  twisting  frame,  a  set  of  special  appliances.  First,  there  is 
what  is  called  the  twizzle,  or  guide,  the  hook  in  which  the  yarns  are 
put  together.  Next,  to  every  spindle  an  upright  roller  is  given 
(fig.  182).  Round  this  roller  the  doubled  yarn  is  wound  once  and 
united  by  its  motion.  Under  this  roller  and  overhanging  the  head 
of  the  spindle  is  the  trapper,   acting  at  once  as  guide  to  the  yarns 
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Fig.  182. — Cap-trap  Twist  Frame 


and  roller  stop  motion.      For  the  inner  end  of  the  trapper  is  hinged 
on  to  a  lever  which  holds  the  upright  shaft  of  the  vertical  roller  in 

gear.  The  roller  is  positively  driven 
by  a  horizontal  shaft  traversing  the 
whole  frame,  having  on  it  a  toothed 
pinion  for  every  vertical  roller  (fig. 
183).  When  the  trapper  is  down, 
held  in  place  by  the  passing  thread, 
the  toothed  wheel  on  the  shaft  of  the 
upright  roller  is  held  firmly  in  con- 
tact with  the  driving  pinion,  and  the 
upspringing  of  the  trapper  (fig.  184), 
released  by  the  breaking  of  the  thread, 
draws  the  two  pinions  apart,  and  the 
vertical  rollers  cease  to  revolve. 
This  arrangement  differs  greatly  from  the  old  machines,  which, 
being  mere  adaptations  of  the  spinning  frames,  with  the  front  rollers 
acting  as  deliverers,  had  no  means  of  stopping  for  a  broken  thread 


Fig.  183. — Positively-driven  Roller 
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without  stopping  the  whole  frame.  Here  every  spindle  and  every 
thread  is  independent.  The  spindle,  it  is  true,  continues  to  turn, 
but  delivery  of  the  yarn  ceases,  and  waste  is  thereby  prevented. 
Moreover,  it  is  easy  for  the  spinner,  if  the  necessity  appears,  to  stop 
the  spindle  by  taking  the  band  off.  More  common  is  the  knee  brake, 
an  appliance  now  fixed  on  the  side  of  the  spindle.  It  is  a  lever, 
with  a  head  gripping  into  the  spindle  base ;  by  pressing  upon  the 
end  of  the  lever  with  her  knee  the  operative  can  stop  the  spindle  while 
piecing  up  the  broken 
end. 

Threefold  and  Four- 
fold Yarns. — If  a  thread 
breaks  in  a  threefold  or 
fourfold  yarn  while  being 
twisted,  the  operation  con- 
tinues so  long  as  two 
threads  remain  intact. 
Because  the  opposing 
twist  is  met  with  the 
doubling  yarns,  no  further 
breakage  takes  place.  We 
have,  for  that  reason,  to 
find  another  means  of  de- 
tecting the  failure  of  a 
single  yarn  on  those 
frames,  and,  if  possible,  making  the  stoppage  instant  and  automatic. 
Two  possibilities  of  breakage  occur  in  the  threefold  twister:  a  single 
thread  may  break  behind  the  rollers — that  is,  at  any  point  between  the 
creel  and  the  spindle — or  the  whole  yarn  may  break  at  any  point.  In 
order  to  meet  those  contingencies  two  devices  have  been  invented. 
First,  a  pair  of  rollers  have  been  apportioned  to  each  spindle  for 
twisting  the  thread  and  carrying  it  forward.  These  two  rollers  are 
driven  by  friction,  the  agent  being  a  third  roller  geared  horizontally 
throughout  the  whole  frame  and  driven  from  the  main  shaft.  The 
pair  of  rollers  are  held  in  a  double  bracket,  the  lower  end  of  which  is 
a  lever  in  close  touch  with  the  cylinder  of  the  driving  band  of  the 
spindle,  on  the  back  of  which  is  a  stud  acted  upon  by  a  lever  coming 
from  the  front  of  the  frame,  the  lever  in  turn  being  in  contact  with 
a  wiper  moved  by  the  same  form  of  trapper  (fig.  184)  as  in  the  double 
twist  frame.     The  band-driving  cylinder,  it  must  be  stated,  has  a  fast 


Fig,  J84. — Trap-stop  Motion 
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and  a  stationary  pulley — an  addition  with  which  we  have  not  hitherto 
been  acquainted. 

Complex  as  this  mechanism  may  seem,  it  is  very  simple  in  action 
and  easy  to  work  in  practice.  The  yarns  from  the  creel  are  passed 
round  the  two  rollers,  and  all  goes  smoothly  till  a  thread  of  yarn' 
gives  way.  Instantly  the  detector,  which  has  been  geared  for  the 
number  of  threads  to  be  twisted,  gives  the  signal;  it  drops  down 
and  is  caught  in  one  of  the  wings  of  the  revolving  wiper,  which 
knocks  up  the  lever  catching  into  the  stud  on  the  back  of  the  bracket 
and  throws  it  forward,  taking  the  twisting  rollers  out  of  contact  with 
the  friction  roller  driving  them.  At  the  same  moment  the  end  of  the 
bracket  touches  the  lever  controlling  the  driving  band  of  the  spindle, 
and  sends  the  band  on  to  the  stationary  pulley  of  the  driving  cylinder, 
stopping  the  spindle.  Similarly,  if  the  yarn  breaks  in  front,  the  trapper 
rises,  having  nothing  to  keep  it  in  position,  and  the  end  of  it  hits  the 
wiper,  which  again  brings  the  whole  apparatus  to  a  stand. 

Twisting  Fancy  Yarns. — The  demand  for  ornamental  fabrics  and 
fancy  dress  cloths  has  risen  greatly  during  the  last  twenty  years,  and 
textile  manufacturers  have  not  been  slow  to  perceive  that  a  large  profit 
lay  in  that  direction.  Indeed  it  is  the  common  talk  in  the  trade  that 
prices,  both  of  cotton  and  wool  yarns,  have  been  cut  so  keenly  that 
only  in  special  and  fancy  lines  can  any  profit  be  obtained.  Whatever 
truth  may  be  in  the  saying,  the  fact  remains  that  the  market  for  fancy 
cloths  has  grown  very  great,  and  yarns  to  meet  the  demands  of  the 
weavers  are  being  constantly  devised.  The  variety  is  very  wide,  but 
the  essential  principles  involved  are  not  formidably  numerous.  The 
typical  forms  are  granderelles,  knopps,  spirals,  curls,  and  waves. 

Granderelles. — The  fancy  yarns  known  as  granderelles  are  plain 
twists  composed  of  two,  three,  or  more  single  threads  of  different 
colours,  and,  it  may  be,  of  various  fibres.  The  component  yarns  are 
delivered  at  equal  tension,  but  the  rates  of  delivery  may  be  varied. 
If,  for  instance,  we  desire  that  a  silk  thread  being  twisted  with  a  fine 
worsted  show  prominently,  we  should  allow  the  former  to  wrap  round 
the  latter  by  causing  it  to  be  delivered  at  a  faster  rate.  A  greater 
length  of  silk  being  given  out,  it  must  twist  itself  round  the  worsted 
thread,  and  so  enwrap  it.  For  such  a  yarn  we  require  two  sets  of 
delivering  rollers  on  the  frame,  the  one  set  running  faster  than  the 
other.  Or  we  can  make  the  set  of  rollers  delivering  the  silk  larger 
than  those  delivering  the  worsted,  in  the  case  cited,  so  that  the  drive 
of  both  sets  may  be  equal,  while  the  silk  is  delivered  faster. 
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Knopps. — From  the  scientific  spinner's  point  of  view  all  fancy  yarns 
are  defective  yarns;  they  are,  in  literal  fact,  accidental  defects  moulded 
into  uniformity  and  artistic  symmetry.  The  knopp  is  a  fair  example  of 
this.  In  the  act  of  drawing  cotton,  for  instance,  it  is  too  easy  to  make 
knopps.  Let  the  wheels  of  the  drawing  rollers  become  clogged  and 
you  will  have  more  knopps  than  you  like.  A  knopp  is  a  hard  knot 
on  the  soft  yarn ;  instead  of  being  fully  drawn,  that  part  has  been 
missed  and  remains  in  its  original  softness  and  bulk.  Regulate  the 
jump  of  the  rollers,  causing  them  to  perform  the  saltatory  movement 
at  regular  intervals,  and  you  have  what  is  called  a  knopped  yarn. 
Though  the  mechanical  appliances  with  which  knopps  are  produced 
exhibit  more  ingenuity  than  the  suggested  defective  drawing  rollers, 
the  effect  is  the  same.  Knopped  yarns  are  always  soft,  being  very 
lightly  spun ;  but  if  a  hard  knopp  yarn  is  sought,  it  is  simply  twisted 
like  any  other  hard  yarn.  Soft  knopps,  however,  have  a  better 
effect,  the  woolly  appearance  of  the  knots  producing  a  fine  impres- 
sion. A  scientific  method  of  making  knopps  is  to  make  a  little  bead 
of  yarn  at  intervals  in  the  twist.  Say  that  we  are  working  with  two 
threads,  the  foundation  and  the  knopping  yarn.  Each  thread  is  de- 
livered by  its  own  pair  of  rollers,  the  drive  of  the  foundation  thread 
being  set  so  as  to  produce  a  dwell,  or  stop,  at  regular  intervals.  While 
the  delivery  of  the  foundation  yarn  stops  short,  the  delivery  of  the 
knopping  yarn  goes  on,  and,  having  nowhere  to  go,  twines  itself  up 
into  a  knot.  When  the  whole  mechanism  restarts,  the  knopp  is  wound 
on  to  the  foundation  thread. 

Spirals. — Sometimes  knopped  yarns  are  twisted  with  finer  yarns 
of  bright  colour;  silks  are  frequently  doubled  with  the  yarns  and 
make  a  very  pretty  thread.  More  than  likely  the  first  spiral  yarns 
were  made  by  accident  and  in  absence  of  intention.  When  two  yarns 
of  different  colour  or  special  form  were  combined  by  design,  spirally, 
the  effect  was  seen  to  be  very  pretty  and  of  service  in  ornamenting 
fine  fabrics.  Practice  constantly  changes  in  fancy  lines,  but  it  is  safe 
to  say  that  spiral  yarns  are  the  most  popular  of  the  class.  The  range 
of  colours  and  possible  variety  of  combinations  of  materials  are  great. 
Silk  on  cotton,  silk  on  worsted,  cotton  on  worsted,  worsted  on  cotton, 
cotton  on  cotton,  and  worsted  on  worsted  are  all  spun  spirally  in 
everyday  practice,  and  linen  and  ramie  also  have  occasional  uses. 
A  very  common  practice  is  to  twist  two  threads  of  spun  silk  as  a 
first  operation,  and  then  to  twist  a  wool  yarn  spirally  on  the  silk 
foundation. 
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The  textile  worker,  however,  will  note  a  necessary  difference  be- 
tween the  lengths  of  the  spirally  twined  yarn  and  the  yarn  twisted 
upon.  A  greater  length  is  consumed  by  the  yarn  spirally  twisted  than 
by  the  foundation  yarn  in  a  given  time.  The  speed  and  size  of  the 
delivery  rollers  determine  the  length  of  yarn  delivered;  if  both  yarns 
are  delivered  through  the  same  rollers  they  will  be  of  equal  length 
at  every  point.  Another  arrangement,  however,  has  been  adopted; 
the  thin  spiral  yarn,  requiring  to  be  delivered  at  greater  speed  than 
the  other,  is  delivered  through  a  different  channel.  Fancy  twists 
being  the  work  of  specialists,  many  of  whom  build  and  invent  machines 
for  themselves,  details  of  which  they  refuse  to  publish,  we  cannot  pre- 
tend to  give  a  complete  account  of  all  the  methods  by  which  variation 
in  delivery  and  twist  is  accomplished.  The  original  and  simplest 
method  was  to  place  on  the  frames  two  pairs  of  delivering  rollers, 
the  pair  delivering  the  light  yarn  larger  than  the  pair  delivering  the 
heavy  yarn.  Driven  at  equal  speeds,  the  large  rollers  delivered  a 
greater  length  of  yarn  than  the  small  rollers  in  the  same  time.  Later 
improvements  were  the  introduction  of  different  speeds  on  the  deliver- 
ing rollers.  At  the  side  of  the  newest  machines  we  find  as  many  as 
four  different  speed  pulleys  to  each  set  of  rollers.  These  changes  of 
speeds  enable  the  twister  to  alter  the  spiral  in  the  most  intricate  ways, 
producing  yarns  delicately  graded  in  spiral  and  twist. 

Curls. — One  of  the  most  notable  triumphs  of  the  fancy  worsted-yarn 
maker  was  the  imitation  of  Astrakhan  fur,  which  was  for  a  long  time 
a  fashionable  trimming  of  high-class  greatcoats,  cloaks,  and  other 
winter  wraps.  Once  successfully  produced,  the  imitation  fur  has  been 
utilized  in  many  ways.  Muffs,  collars,  tippets,  jackets,  and  gloves 
are  now  made  of  the  material.  The  foundation  of  the  trade  was  the 
discovery  by  some  unknown  genius  that  worsted  yarns  could  be  twisted 
into  regular  curls.  In  one  sense  the  curl  yarn  is  merely  an  advance  on 
the  spiral  idea;  but  the  differences  are  very  marked.  The  weights  of 
the  yarns  are  reversed,  the  curling  thread  being  by  far  the  heavier;  the 
plan  of  delivery  is  wholly  changed,  the  curling  yarn  being  delivered 
direct,  whilst  the  base  yarn  is  stretched  tight  round  the  rollers.  Be- 
tween the  method  of  delivery  and  the  constant  twisting  action  of  the 
spindle,  the  thick  thread  of  the  one  yarn  is  formed  into  regular  curls 
on  the  other,  giving  the  thread  the  appearance  of  being  a  fine  section  of 
Astrakhan  fleece. 

Cotton  curl  yarns  are  made  on  the  same  principle.  In  fact,  any 
kind  of  yarn  can  be  twisted  and  given  fancy  forms  on  these  frames. 
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The  kind  of  fibre  only  affects  the  appearance  of  the  cloth  into  which 
it  is  woven.  So  far  as  the  doubler  is  concerned,  all  fibres  are  alike. 
Waved  Yarns. — Midway  between  curls  and  the  spiral  yarns  come 
what  we  may  call  waved  yarns.  These  differ  from  the  spirals  in 
having  a  thick  yarn  wrought  on  to  a  thin  one,  with  the  effect  of  pro- 


ng. 185. — Fancy-twisting  Frame  for  "  Insertion  Yarns" 

A,  Plate  pierced  as  shown  below,  b,  Connecting  rod.  c,  Arm  vibrating  on  the  shaft,  d,  which  runs  the  whole 
length  of  the  machine,  e.  Eyelet  board.  f,  Bearing  for  plate,  g,  Cam,  and  h,  Bowl,  actuating  the  rocking  arm  c, 
and  through  it  elevating  and  depressing  the  plate  a,  thus  varying  the  tension  on  the  threads,     i,  Bobbin. 


ducing  a  waved  thread  instead  of  a  spiral.  The  thick  thread  is  the 
slacker,  but  its  weight  bends  the  thin  one  to  itself,  and  causes  it  to 
ripple,  whilst  the  tightness  of  the  thin  thread  draws  the  thick  thread  in. 
As  has  been  said,  the  variety  of  these  fancy  yarns  is  practically 
without  limit.  Designers  of  cloths  are  constantly  calling  upon  the 
doublers  to  devise  new  forms.     Fickle  fashion  soon  tires  of  one  kind, 
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and  fresh  shapes  must  be  devised.  With  the  doubling  frames  (fig.  185) 
at  their  service,  the  manufacturers  can,  by  simple  modifications,  change 
the  forms  of  fancy  yarns  into  almost  any  variety.  It  is  worth  remarking 
that  the  spirit  of  craftsmanship,  afforded  so  little  scope  in  the  spinning 
departments,  here  finds  room  for  activity.  The  machines  are  wonder- 
ful,  but  they  are  subservient  to  the  mind  of  the  worker. 

Doubling  Various  Yarns. — The  twisting  of  weaving  yarns  from 
flax,  jute,  ramie,  and  waste  silk  is  an  operation  of  minor  importance. 
For  the  most  part,  the  same  machines  as  spin  the  yarns  are  employed 
in  doubling  them.  Otherwise,  the  twisting  of  those  yarns  can  best 
be  seen  in  the  manufacture  of  threads,  twines,  and  ropes.  We  note, 
however,  a  few  special  particulars  of  the  doubling  in  the  yarns  depart- 
ment. 

Twisting  Linen  Yarns  on  the  Inverted  Flyer. — The  greater  bulk 
of  linen  weaving  yarns  are  doubled  on  the  throstle.  Taken  direct 
from  the  spinning  frame,  all  wet  as  it  is,  the  yarn  is  placed  on  the 
creel  of  the  throstle,  doubled  by  the  flyer  and  spindle,  and  wound 
on  in  the  usual  way.  The  saving  of  time  and  cost  effected  by  this 
method  is  very  obvious. 

In  place  of  the  common  throstle,  however,  manufacturers  who  have 
much  doubling  to  do  bring  in  the  inverted  flyer  previously  noted. 
The  primary  object  of  the  inventors  of  this  spindle  was  to  prevent 
the  bobbins  becoming  saturated  with  the  oil  necessary  for  the  lubri- 
cation of  the  spindles  on  which  they  were  sleeved.  But  the  inverted 
spindle  has  stimulated  other  developments  in  the  doubling  department. 
As  shown,  the  flyer  is  loose  on  the  spindle  and  rests  on  the  lifter  rail, 
head  down  and  feet  upwards,  whilst  the  bobbin  sits  on  a  base  firmly 
screwed  to  the  spindle,  so  that  no  oil  can  touch  it.  From  the  thread 
board  the  doubled  yarns  come  down  through  the  hook  on  the  leg  of  the 
flyer  and  on  to  the  bobbin.  Spindle  and  bobbin  impart  the  twist, 
whilst  the  flyer  follows,  putting  on  the  winding  drag.  Carried  up 
and  down  on  the  lifter  plate,  on  which  it  loosely  rests,  the  flyer  distri- 
butes the  thread  over  the  barrel  of  the  bobbin.  Having  no  anxiety 
about  the  effect  of  the  centrifugal  force  on  the  flyers,  the  doubler  can 
drive  the  frame  at  very  high  speed  and  produce  rapidly. 

Upward  Twisters. — A  natural  development  of  the  inverted  flyer 
is  the  upward  twister.  On  this  frame  (fig.  186)  the  whole  method  is 
reversed.  Instead  of  the  creel  being  on  the  head  of  the  frame,  it  is 
placed  in  front.  The  function  of  the  spindle  remains  the  same,  but 
the  bobbin  fixed  upon  it  supplies  instead  of  taking  on  the  yarns.     On 
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the  bolster  rail  and  under  the  bobbin  is  the  flyer,  legs  upward.  Above 
the  heads  of  the  bobbins  is  the  carrier  rail,  which  unites  the  yarns. 
Farther  up  we  find  a  pair  of  twist  cones,  one  larger  than  the  other, 
driven  from  the  side  on  a  shaft.  Passed  round  these  cones  and  twisted, 
the  yarn  goes  through  a  hook  in  the  copping  rail  and  on  to  the  bobbins 
on  the  top,  which  are  driven.  The  details  of  this  machine  are  very 
interesting,  and  should  be  studied  by  every  enquirer  into  the  subject 
of  spinning.     Apart  from  such  an  example,  we  might  be  apt  to  suppose 


Fig.  186. — Upward  Twister  (from  Spoil's  Encyclopedia  0/ Arts  and  Manii/actnres] 

A  A,  Twisting  spindles.     B  B,  Bobbins  from  doubling  frame,     c  c,  Carrier  rails.     D  D,  Twist  rollers. 
E  E,  Taking-up  bobbins. 

that  the  common  form  of  spinning  frame  was  final ;  but  there  we  see 
a  departure  which  is  literally  and  technically  revolutionary.  The 
spindle  sends  round  the  bobbin,  but,  without  the  drag  of  the  flyer, 
it  would  not  unwind  a  yard,  and  merely  add  twist  to  twist.  By  acting 
as  a  drag,  the  flyer  unwinds  the  yarn  from  the  bobbins  and  sends  it 
up  to  the  cones  which  hold  on  while  the  spindle  twists.  Note  the 
different  sizes  of  the  cones.  Twist,  as  we  all  know,  shortens  a  thread ; 
on  a  hard  yarn  the  tendency  is  for  the  fibres  to  curl  rather  than  twist. 
Therefore  we  employ  a  second  and  larger  cone  to  stretch  the  threads 
after  being  twisted.  All  kinds  of  dry  yarns,  including  low  cottons, 
hemps,  jutes,   and  ramie,   are  twisted  on  this  frame  with  very  good 
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results.  We  expect  to  see  the  upward  twister  taking  a  more  prominent 
part  in  yarn  doubling.  All  the  machinists  have  adopted  it,  and  the 
sign  is  not  insignificant. 

Hanks  of  Yarns. — The  hank  is  the  final  result  of  the  labours  of  all 
spinners.  It  may  be  said  that  many  yarns  never  become  hanks,  but 
the  fact  is  of  no  consequence;  it  is  merely  an  accidental  occurrence, 
caused  by  industrial  arrangements.  From  the  very  beginning  of  his 
operations  to  the  very  end,  the  spinner  is  thinking  of  hanks.  He  has 
aimed  at  changing  a  mass  of  dirty  fibres  into  a  hank  of  yarns,  weighing 
a  certain  fraction  of  a  pound;  the  measure  of  his  achievement  is  the 
hank.  For,  when  we  speak  of  counts  of  yarn,  we  imply  that  a  certain 
length  of  yarn  wound  in  the  shape  called  a  hank  is  of  a  certain  weight. 

There  is  great  confusion  in  yarn  measurements;  each  branch  of 
the  textile  industry  has  a  standard  of  measurement  different  from  every 
other,  and  all  the  standards,  save  that  of  silk,  are  founded  on  the 
empirical  entity  known  as  the  pound  avoirdupois.  Discussion  of  the 
counts  of  yarns  is  beyond  our  present  purpose,  but  careful  definition 
of  terms  in  the  reeling  department  will  help  us  forward  in  our  study 
of  the  further  problems. 

A  hank  is  an  endless,  solid  band,  composed  of  a  certain  length  of 
yarn,  the  length  having  been  fixed  by  the  size  of  the  reel  on  which 
it  has  been  wound  and  the  number  of  rounds  desired  by  the  custom 
of  the  trade  or  district.  The  definition  is  vague,  but  no  clear  statement 
is  possible.  The  hank  has  no  definite  measure.  It  would  be  correct 
to  say  that  a  hank  of  cotton  yarn  contains  840  yd.  ;  but  a  Yorkshire 
hank  of  worsted  yarn  contains  only  560  yd. ;  and  woollen  hanks  vary 
in  length  in  different  districts.  Flax  and  silk  are  equally  diverse.  It 
is  impossible  to  think  that  this  diversity  has  been  purely  accidental; 
spinners  do  not  measure  their  yarns  by  guess;  it  will  not  serve  to 
suppose,  as  many  do,  that  what  confuses  us  is  the  result  of  mere 
stupidity. 

Hank  Reels  or  Swifts. — In  the  days  when  yarns  were  spun  by 
hand,  and  spinners  produced  for  sale  to  weavers  who  would  buy, 
railways  and  other  means  of  mechanical  carriage  were  unknown.  The 
yarn  spinner  often  bore  his  yarns  many  long  and  weary  miles;  or,  if 
the  commodity  was  entrusted  to  a  carrier,  the  journey  was  slow  and 
costly.  Therefore  the  yarns  were  bundled  into  the  lightest  and 
smallest  bulk  possible.  Nothing  but  the  bare  yarn,  and  that  in  tightly 
packed  bales,  could  be  transported.  Carelessly  packed  yarns  would 
quicklv  fall  into  tangles.     The  buyer  must  be  assured  of  the  length 
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of  yarn  in  the  bulk.  So  the  spinner,  very  early  in  the  undated  history 
of  his  craft,  began  to  wind  the  yarn  on  to  cylindrical  frames  of  a  known 
circumference,  taking  off  when  so  many  rounds  had  been  wound,  and 
calling  the  band  a  hank.  The  size  of  the  cylindrical  frame  was,  of 
course,  the  unit  upon  which  hank  calculations  were  based.  Having 
ascertained  the  circumference  of  the  reel,  by  counting  the  number  of 
threads  in  the  band,  we  discover  the  length  of  yarn  contained.  To  find 
the  count  of  the  yarn  we  must  then  take  the  weight  into  account,  but 
that  does  not  concern  the  reeler,  and  we  leave  it  out  meanwhile. 
Accepting  the  reel  as  the  base,  we  find  these  different  sizes:  Cotton, 
54  in. ;  woollen,  36  in. ;  Scottish  woollen,  90  in. ;  linen,  90  in. ;  silk, 
about  46.6  in. 

In  form  the  old  reels  were  long  cylindrical  frames,  the  spars  com- 
posed of  light  wood,  so  as  to  be  easily  driven  by  hand  or  foot  treadle. 
Though  he  knew  the  exact  size  of  his  reel,  the  worker  had  laboriously 
to  count  the  number  of  times  the  reel  revolved  to  wind  on  the  exact 
length  for  the  hank;  or  he  must  stop  at  intervals  to  count  the  threads 
on  the  reel.  Such  labour  stimulated  ingenuity.  Another  trouble  also 
helped  to  bring  on  the  improved  and  effective  reel.  When  a  number 
of  rounds  had  been  wound  on  the  reel,  the  increased  circumference 
enlarged  the  amount  of  yarn  taken  on  in  one  round.  In  a  thick  yarn 
this  meant  an  addition  of  about  i  to  12  yd.  on  the  hank.  One  of 
those  great  inventors  whose  names  are  unknown  to  fame  conceived  an 
idea  which  obviated  both  difficulties  at  once.  He  fixed  to  the  end  of 
the  shaft  of  the  reel  a  worm  with  eighty  threads  holding  a  simple 
spring:  when  the  worm  ended  the  spring  gave  a  rap.  At  the  signal 
the  reeler  shifted  the  reel  along  an  inch  or  more,  offering  a  bare  space 
to  the  yarn  from  the  bobbins.  When  the  spring  had  given  seven  raps 
a  hank  was  completed.  Thus  the  operator  was  spared  the  trouble 
of  counting  the  threads,  and  the  yarn  was  wound  in  thin  layers  on 
the  reel. 

From  old  books  we  learn  that  the  woollen  reel  was  "scarcely  one 
yard  in  circumference",  and  infer  that  the  reelers  had  a  method  of 
adjusting  the  cylinder,  so  that  the  increased  circumference  caused  by 
the  thickness  of  the  laying  on  of  threads  over  one  another  was  dis- 
counted. Before  the  age  of  machinery  the  appliances  employed  in  all 
branches  of  textile  manufacture  were  made  by  the  workers  themselves, 
and  showed  a  marked  diversity.  Taken  broadly,  the  reel  is  a 
cylinder  composed  of  rods  fixed  horizontally  on  spokes  vertically 
extending   from   a   horizontal   shaft,    but   the   description   corresponds 
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with  hardly  any  reel  of  the  old  type.  Some  were  made  with  slender 
rods  fixed  in  a  hub,  the  cylinder  being  merely  cords  on  the  points  of 
the  spokes;  others,  again,  were  made  of  long  rods  fixed  on  loose  spokes 
at  each  end  and  held  together  by  canvas  bands.  The  kind  of  reel 
which  ultimately  displaced  all  others  was  a  pair  of  rectangular  frames, 
the  one  being  made  small  enough  to  go  inside  the  other.  The  half 
of  the  smaller  was  passed  inside  the  larger,  the  centres  of  the  ends 
meeting.  A  rod  or  shaft  was  put  through  both,  making  a  four-winged 
frame,  the  spokes  of  which  were  all  equal.  Being  collapsible,  the 
frame  could  be  made  circular,  or  any  degree  less  that  the  operator 
pleased.  Working  with  this  reel  the  operator  could,  by  simple  experi- 
ment, discover  the  degree  of  extension  needed  for  winding  on  the  hank 
of  any  given  yarn.  Upon  this  reel  all  the  machine  reels  have  been 
based. 

Reeling  Frames. — At  the  present  time  there  are  two  kinds  of 
reeling  frames  which  may  be  employed  in  any  spinning  factory  upon 
any  fibre.  Excepting  in  size,  there  is  no  difference  between  the  reels 
of  the  cotton  spinner,  woollen,  worsted,  flax,  hemp,  jute,  ramie,  or  silk 
operators.  The  older  form  of  reel  has  one  defect  which  sometimes 
causes  trouble.  The  reel  carries  a  number  of  hanks  at  a  time,  and 
when  one  thread  breaks  the  whole  reel  must  stop,  and  does  stop 
automatically.  On  the  other  hand,  the  newer  kind  of  reel  is  divided 
up  into  sections,  so  to  speak,  and  each  hank  is  independent  of  all  the 
others.  Time  is  economized  on  that  frame.  Let  us  come  to  particulars 
and  examine  an  example  of  each. 

The  common  reeling  frame  consists  of  two  parts  (fig.  187,  a,  b,  c), 
the  reel  and  the  creel,  the  latter  for  holding  the  bobbins  or  cops  to  be 
reeled,  and  the  former  the  frame  on  which  the  yarns  are  wound  into  the 
shape  we  name  hanks.  The  bobbins,  spools,  or  cops,  full  of  spun  yarn, 
are  placed  on  the  pegs  of  the  creel  in  the  easiest  posture  for  being  un- 
wound. No  one  has  been  able  to  find  out  the  fittest  form  of  peg  for  this 
purpose;  some  go  the  length  of  making  the  spindle  actively  unwind, 
putting  a  positive  motion  on  to  it;  others  consider  the  drag  of  the  yarn 
itself  ample,  and  set  the  bobbins  on  smooth  washers  of  steel  or  porcelain. 

In  connection  with  the  delivery  of  the  yarn  another  fact  is  to  be 
observed.  The  yarn  is  taken  through  guides  which  act  as  stop  motions 
for  the  frame.  The  ends  of  the  hooks  come  upon  a  catch  which  pulls 
the  belt  off  the  pulleys  and  stops  the  frame.  A  very  important  service 
is  thus  performed.  The  reeler  sets  out  to  put  560  rounds  on  to  the  reel, 
and  the  machine  is  geared  to  stop  when  the  reel  has  performed  that 
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number  of  revolutions.  Suppose  a  thread  has  broken,  and  the  operator 
has  not  observed  it  at  the  moment,  the  reel,  without  a  stop  motion 
of  some  sort,  would  continue  to  run ;  the  effect  would  be  that  as  many 
hanks  as  had  threads  broken  during  the  reeling  would  not  contain  the 
required  length  of  yarn,  and  the  reeler  could  not  tell  what  amount  had 
been  wound  on.  Stopped  at  the  moment  of  breaking,  the  yarn  can  be 
tied  and  the  reel  started  again,  with  the  certainty  of  each  hank  contain- 
ing 560  rounds  of  yarns. 

On  the  hand  reel,  and  on  all  the  older  kinds  of  power-driven  reels, 
the  guide  changed  the  point  of  delivery  every  eighty  rounds,  or  every 
lea.  At  every  eightieth  round  the  guides  on  the  frame,  like  intelligent 
fingers,  moved  along  to  a  bare  part  of  the  reel  and  let  the  yarn  wind 
round  there.  The  advantage  of  the  action  has  already  been  pointed 
out.  But  another  method  has  been  adopted  which  is  gaining  large 
acceptance  in  the  trade.  Instead  of  being  caused  to  move  along  every 
eighty  rounds,  the  guide  is  given  a  regular  traverse  motion,  carrying 
every  round  at  a  long  angle  round  the  reel,  each  round  crossing  the 
other.  Given  that  the  hank  covers  the  same  space  in  what  is  called 
cross  winding  as  in  lea  winding,  it  follows  that  the  same  thickness 
of  yarn  is  laid  on  the  reel,  or  nearly  so.  On  soft  yarns  the  benefit 
of  cross  winding  is  very  apparent.  Being  thus  crossed,  the  yarns 
do  not  tangle  or  mix  with  each  other,  and  can  be  easily  wound  again 
from  the  hank.  Both  methods  are  practised,  however,  and  each  has 
its  advantages  and  defects. 

The  reel  most  in  use,  as  has  been  indicated,  is  a  collapsible  cylindri- 
cal frame  of  wood.  When  the  frame  stops,  the  reeler  has  merely  to  lift 
one  end  of  the  reel,  collapse  the  spokes,  and  draw  off  the  hanks  already 
reeled.  On  the  improved  hank  reeler  shown  the  six  spokes  of  the  reel 
hinged  on  the  axle  are  collapsed  by  the  motion  of  a  wheel  at  the  end 
(fig.  187,  c),  when  the  correct  number  of  rounds  have  been  reeled. 

Whiteley's  Reeling  and  Winding  Frame. — The  second  form  of 
reeling  frame  is  made  by  Messrs.  Whiteley,  Huddersfield.  Curiously 
enough,  this  reeler  also  has  its  counterpart  in  the  many  handicraft 
machines  invented  long  ago.  When  the  wife  of  the  weaver  wound  her 
husband's  ''pirns",  she  hung  her  hank  of  yarns  on  a  frame  called 
swifts.  On  a  tall  post  with  four  feet  a  pair  of  movable  brackets  were 
fixed  the  length  of  the  hank  apart.  Within  the  brackets  were  little 
barrel  frames,  the  axles  of  which  rested  on  bushes  to  make  them  run 
easily.  The  hank  was  stretched  upon  these  barrels,  and  when  the  yarn 
was  being  drawn  away  they  revolved,  causing  the  yarn  to  come  readily 
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to  the  fingers  of  the  winder.  The  inventor  took  those  swifts  and 
put  them  into  both  a  reehng  and  winding  machine. 

For  every  hank  there  is  a  separate  pair  of  swifts,  and  these  are  hung 
on  swing  brackets  capable  of  being  fixed  to  any  length  of  hank.  Both 
swifts  in  each  pair  are  driven  by  the  same  motion,  and  therefore 
revolve  at  equal  rates  and  even  tension.  Each  guide  is  set  to  stop  the 
running  of  the  swifts  at  the  breaking  of  a  thread,  and  the  number  of 
revolutions  can  be  fixed  according  to  the  design  of  the  reeler.  By 
giving  a  separate  swift  to  every  hank,  this  frame  does  not  require  to 
be  stopped  for  ever}^  thread  that  breaks;  the  swifts  of  the  one  thread 
stop  till  the  reeler  ties  up  again,  but  the  others  run  on.  In  this  way 
the  production  of  the  frame  is  continuous.  The  creel  of  this  reel  is 
at  the  base  of  the  frame,  and  the  swifts  stretch  upwards  from  it  at 
a  gentle  slope,   rendering  delivery  smooth  and  easy. 

Reeling  and  Drying  Linen  Yarns. — When  the  linen  yarns  come 
off  the  spinning  or  doubling  frames  they  are  wet,  and  must  be  dried 
as  quickly  as  possible  if  fermentation  is  to  be  avoided.  The  wet 
bobbins  are  therefore  sent  at  once  to  the  reelers,  who  put  them  on 
to  the  creels  of  the  reeling  frames  and  reel  them  into  hanks.  The  reel 
of  the  flax  frame  is  90  in.  in  diameter,  but  in  structure  and  action  it 
differs  in  no  way  from  the  smaller  reeling  frames  of  cotton  and  wool. 

After  the  hanks  have  been  reeled  they  are  taken  to  drying  rooms 
or  stoves,  and  there  hung  up  to  dry  as  quickly  as  possible.  In  the 
old  days  the  top  of  a  boiler  or  any  other  hot  place  was  thought  good 
enough  for  drying  the  hanks  of  linen ;  but  fires  and  bitter  losses  con- 
vinced manufacturers  of  the  advantage  and  economy  of  building  special 
fireproof  stoves.  In  structure  and  arrangement  many  of  those  stoves 
leave  little  to  be  desired.  Heated  from  the  outside,  and  the  tempera- 
ture controlled  by  fans,  the  stoves  dry  the  inflammable  material  safely 
and  quickly. 

Bundling  the  Hanks. — Having  reeled  the  hanks,  the  reeler  fastens 
the  loose  ends  and  binds  a  lease  band  on  each  lea,  or  gathers  the  whole 
hank  into  a  single  band,  if  it  has  been  cross-reeled.  Then  the  hanks 
are  made  up  into  small  bunches  of  a  given  weight,  and  these  bunches 
are  put  together  into  bundles  weighing,  say,  5  lb.  or  10  lb.,  when  they 
are  ready  for  the  bundling  press. 

Bundling  Press. — A  small  and  compact  machine,  the  bundling 
press  is  very  powerful  and  efficient.  The  central  feature  of  the  machine 
is  the  pressing  box,  made  of  steel,  and  slotted  for  the  binding  cords. 
The  box  has  a  sliding   bottom,  and  upon  this  the  pressure  is  laid. 
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When  the  bundles  have  all  been  put  into  the  box,  and  the  cords 
brought  through  the  slots,  the  machine  is  set  going.  The  sliding 
bottom  comes  up,  driven  by  the  powerful  levers,  and  squeezes  the 
bundles.  Immediately  the  cords  are  looped  and  drawn  tight,  and  a 
complete  bundle  of  yarn  comes  out  ready  for  sending  to  any  weaving 
factory  anywhere. 


CHAPTER   VIII 
Silk  Spinning 

Silk  Spinning. — Unlike  every  other  textile  raw  material,  silk  is  a 
yarn  from  the  beginning.  The  original  spinner  was  the  silkworm. 
If,  therefore,  we  mean  ,by  spinning  the  drawing  and  twisting  per- 
formed on  textile  fibres  such  as  cotton  and  wool,  there  is  no  such 
thing  in  the  silk  factory.  But  we  hardly  think  the  name  of  spinner 
can  be  denied  the  silk  worker,  because  the  twisting  of  silk  amounts,  in 
fact,  to  the  spinning  of  a  thread  by  means  of  twisting  and  doubling. 
The  silk  spinner's  operations  are  generally  considered  in  seven  divi- 
sions, though  there  are  crossings  and  subdivisions,  which,  easy  enough 
in  actual  practice,  seem  rather  confusing  to  the  learner.  The  divisions 
are  these:  i,  sorting-,  2,  winding;  3,  cleaning-,  4,  spinning;  5,  doubling ; 
6,  spinning;  7,  reeling. 

Dumb  Singles,  Singles,  Tram,  and  Organzine. — There  are  four 
terms  constantly  employed  by  silk  spinners  or  "throwsters"  which 
sometimes  puzzle  the  outsider.  Dumb  singles,  singles,  tram,  and 
organzine  are  terms  denoting  silk  in  certain  states  of  preparation,  or 
after  having  been  given  a  certain  form.  Dumb  singles  are  silk  threads 
formed  by  the  reeling  of  the  sericulturists.  These  are  the  finest  yarns 
known  to  textile  workers,  and  they  are  woven  into  silk  gauzes,  corahs, 
bandannas,  and  other  light  fabrics.  Singles,  or  more  explicitly  thrown 
singles,  are  the  single  threads  thrown  or  twisted.  This  is  possible  and 
valuable,  because  what  we  call  singles  are  composed  of  several  fine  fila- 
ments put  together,  as  we  saw,  by  the  silk  reeler.  Twist,  therefore, 
changes  materially  the  character  of  these  yarns.  Tram  is  composed 
of  two  or  more  threads  of  raw  silk  or  dumb  singles,  doubled,  and 
given  just  sufficient  twist  to  hold  them  in  union.  Mostly  used  as 
weft  for  all  kinds  and  classes  of  silk  fabrics,  tram  is  twisted  as 
lightly   as    possible    to    retain    both    its    lustre    and    covering    power. 
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Organzine  is  made  up  of  two  or  more  singles,  doubled  and  twisted 
together,  the  number  of  threads  and  degree  of  twist  being  determined 
by  the  purpose  for  which  the  yarn  is  ultimately  designed.  Usually, 
organzine  is  warp,  and  it  gives  backbone  to  silk  fabrics. 

Sorting. — Imported  from  China,  India,  France,  and  Italy,  the  silk 
hanks  vary  in  size  and  quality.  To  classify  them  is  the  work  of  the 
sorter.  Quality  and  weight-to-length  are  the  two  standards.  Upon 
the  skill  of  the  sorter  yarn  quality  depends;  upon  his  accuracy  in 
weight  and  measurement  the  spinner  relies  for  quantity.  The  attri- 
butes of  quality  for  which  the  sorter  looks  are:  \,  fineness \  2,  regti- 
larity]  3,  clearness  \  4,  freedom  from  knihs  or  knots.  By  touch  and 
sight  the  sorter  selects  the  various  qualities  and  lays  them  out  in 
classes.  Thus  classified,  the  hanks  are  weighed  and  measured. 
Without  great  labour  accuracy  of  measurement  is  impossible,  and 
the  sorter  has  to  depend  on  samples  taken. 

Winding. — Few  branches  of  the  textile  industry,  or,  indeed,  of  any 
industry,  are  as  conservative  as  the  silk  trade.  It  is  in  the  silk  factory 
that  we  see  the  oldest  form  of  winder.  Each  swift  is  composed  of  a 
wooden  hub,  into  which  twelve  slips  of  lancewood  are  stuck,  six  on 
each  side,  like  the  spokes  of  a  rude  wheel.  On  the  slips  or  rods  of 
lancewood  small  movable  wedges  are  fixed,  and  upon  these  wedges, 
which  may  be  set  upon  any  part  of  the  rod,  the  hank  is  slung. 
Because  the  hanks  are  of  varying  length,  the  circumference  of  the 
reel  must  be  thus  mobile.  The  hubs,  say  a  dozen,  are  geared  on 
a  shaft  which  is  fixed  in  the  reeling  frame,  on  the  head  of  which  are 
friction  rollers  and  bobbins.  The  bobbins  are  lightly  geared  on  the 
rollers,  the  latter  acting  as  the  drive  by  friction.  Hung  on  the  swifts, 
the  hanks  are  wound  on  to  the  bobbins.  A  thread  is  first  taken  from 
each  hank  and  led  on  to  its  proper  bobbin;  then  the  rollers  are  set  in 
motion,  driving  the  bobbins  and  drawing  the  yarn  from  the  hanks. 
Swifts  so  large  and  light  might  very  easily  gather  such  force  as  to 
make  them  overrun  the  bobbins;  but  weights  are  attached  to  the 
hubs  and  keep  them  steady. 

The  old  form  of  silk  winder  is  not  inefficient;  in  the  hands  of  a 
skilled  worker  it  probably  does  almost  perfect  work;  but  it  is  out  of 
accord  with  a  machine-driven  age.  More  in  harmony  with  the  times 
is  the  silk  winder  of  Messrs.  Whiteley.  In  a  long  frame  a  double 
set  of  swifts  are  hung  at  an  angle  of  45  degrees,  with  suitable  driv- 
ing" gear.  Upon  the  barrels  of  the  swifts,  which  can  be  moved  to 
any  stretch,  the  hanks  of  silk  are  hung,  and  the  threads  are  led  up 
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through  stop-motion  guides  to  the  bobbins  on  the  head  of  the  frame. 
The  frame  is  fitted  with  a  varying  speed  motion  for  driving  the 
bobbins,  causing  the  yarns  to  be  drawn  from  the  hanks  at  an  even 
tension,  producing  a  firm  bobbin.  To  further  equalize  the  draft  and 
avoid  all  friction,  the  cup  and  spindle  are  both  connected  with  the 
drive,  causing  both  to  run  at  regular  speeds  in  the  same  direction. 
In  the  highest  class  of  British  silk-throwing  factories  this  winder  is 
used  for  spun  silks  only,  the  older  swifts  being  still  regarded  as 
superior  for  the  best  work. 

Cleaning. — Knibs  are  hard  knots  on  the  silk  threads  mostly  caused 
by  faulty  reeling,  though  every  length  of  raw  silk  also  carries  a  few  of 
those  little  knots  of  gum  which  the  worm  utilized  to  make  its  cocoon 
firm.  If  the  silk  thread  is  to  be  suitable  for  weaving,  these  knibs  must 
be  cleared  off.  For  this  we  adopt  the  operation  known  as  cleaning. 
Incidentally,  it  happens  that  the  original  reelers  of  the  raw  silk  have 
made  the  yarns  irregular  in  size,  some  thick  and  others  thin,  and  the 
cleaning  operation  is  also  useful  for  sizing  the  yarns. 

In  general  structure,  the  silk-cleaning  and  sizing  machine  is  not 
unlike  the  old  winding  frame.  In  the  position  of  the  swifts  we  find 
a  bobbin  board,  with  pegs  for  holding  the  bobbins  of  wound  silk; 
midway  up  the  frame  is  the  guide  rod,  and  above  it  stand  the  cleaning 
blades,  while  above  all  sit  the  winding-on  rollers  and  bobbins.  The 
cleaning  tools  are  important.  Two  keen  steel  blades,  set  face  to  face, 
in  a  screw  which  adjusts  them  to  the  proper  distance  from  each  other, 
the  cleaners  are  ranged  from  fine  to  coarse  in  regular  gradation  along 
the  length  of  the  frame. 

From  the  spools  on  the  bobbin  board  the  threads  are  led  up  in 
between  the  facing  blades.  If  the  yarn  is  too  thick  and  sticks,  it  is 
removed  a  peg  or  two  farther  along;  if  the  yarn  placed  near  the  thick 
end  of  the  frame  is  too  thin,  it  is  moved  up  towards  the  fine  end. 
Drawn  through  between  the  sharp  blades,  the  silk  is  cleared  of  all  the 
little  knibs  or  knots  of  gum  which  have  been  on  it.  Wound  on  to 
bobbins,  we  now  have  silks  accurately  graded  from  fine  to  coarse. 

Treatment  of  Waste  Silks. — At  this  point  the  waste  or  spun  silks 
may  join  their  fellows,  if  it  is  desired.  The  spun  yarns  are  run 
through  the  cleaning  frame,  and  are  cleared  of  knots  in  the  same 
manner  as  the  natural  silk. 

Some  manufacturers  consider  the  cleaning  frame  too  drastic  for  the 
spun  thread,  and  substitute  a  process  called  improving.  In  place  of 
the  steel  blades  revolving  spindles  are  fixed,  and  upon  these  the  yarns 
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of  waste  silk  are  made  to  rub  upon  each  other,  the  friction  reducing 
the  knots  and  knibs  on  them.  In  principle,  however,  the  frames  are 
practically  identical. 

Gassing. — After  being  cleaned  or  improved,  the  silks  are  found  to 
be  slightly  roughened  and  impaired  in  lustre.  Little  hairs  of  floss 
stick  out  from  the  body  of  the  thread.  To  remove  these  we  resort  to 
a  process  known  in  the  textile  world  as  gassing.  Originally  invented 
by  Samuel  Hall,  of  Nottingham,  in  181 7,  the  gassing  apparatus  (fig. 
188)  consists  chiefly  of  a   row  of  gas  jets  burning  coal  gas  and  air 


Fig.  188. — Silk-gassing  Machine 


A,  Creel  for  ungassed  bobbins.     B,  Rows  of  gas  jets,     c,  Traverse  yarn  guide.     D,  Bobbin  being  wound 
with  gassed  yarn.     E,  Wheel  winding  and  pressing  bobbins. 

mingled  in  due  proportions.  On  the  head  of  the  frame  the  spools 
of  silk  to  be  gassed  are  set,  and  on  the  lower  side  are  the  friction-driven 
spools  to  take  on  the  gassed  yarn;  midway  are  the  gas  jets  through 
which  the  yarn  is  to  pass.  No  tension  is  allowed  between  the  un- 
winding and  winding-on  bobbins;  they  are  evenly  and  rapidly  driven. 
Passing  through  the  little  blue  flames,  the  silk  threads  are  cleared  of 
all  fluff  and  appear  bright  and  clean  on  the  bobbins  again. 

Spinning  Singles. — Thrown  singles  require  very  firm  twisting,  the 
usual  degree  of  twist  being  15  turns  to  the  inch.  If  the  work  is  to 
proceed  with  any  degree  of  rapidity  we  must  get  up  a  great  speed  on 
the  spindles.  Say  that  600  in.  are  to  be  passed  through  per  minute, 
that  means,  with  15  turns  to  the  inch,  a  spindle  speed  of  9000  revolu- 
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tions  per  minute.  On  the  frame  most  commonly  employed  that  speed 
is  impossible. 

This  frame  (see  Plate)  resembles  in  general  action  the  upward 
twister  of  the  doubler.  The  bobbin  containing  the  single  to  be  twisted 
or  spun  is  firmly  fixed  on  the  spindle,  on  the  head  of  which  is  a  peculiar 
flyer;  the  bobbin  to  take  on  the  spun  yarn  is  on  the  head  of  the  frame, 
and  its  speed  of  revolution  determines  the  amount  of  yarn  which  is  to 
be  passed  through  the  frame  per  minute.  This  is  a  further  departure 
from  ordinary  spinning  practice  than  any  we  have  yet  seen.  Close 
examination  is  necessary.  The  frame  is  usually  a  quadruple  one, 
composed  of  two  tiers  and  two  sides;  but  all  the  operations  of  each 
spindle  are  the  same.  The  long  spindle  is  mounted  on  a  footstep  and 
bushed  in  a  bolster  rail,  whilst  on  the  length  between  these  is  the  wharf 
for  the  driving  band  from  the  tin  cylinder  inside  the  frame.  Above  the 
rail  the  bobbin  is  fixed  firmly  on  the  spindle,  and  on  the  apex  of  the 
latter  is  a  small  knob  of  wood,  round  the  grooves  of  which  is  twined  a 
flyer,  one  leg  extending  parallel  with  the  bobbin,  and  the  other  point- 
ing upwards.  Above  is  the  thread  board,  with  a  horizontal  motion 
equal  to  the  length  of  the  bobbin  barrel,  which  is  geared  horizontally 
over  it. 

The  lower  spindle  revolves,  and  the  single  being  carried  by  the 
flyer  straight  upward,  is  simply  twisted  by  the  action;  but  the  hori- 
zontal bobbin  overhead  is  dragging  the  thread,  and  it  is  drawn  off  the 
spinning  bobbin  at  the  given  rate. 

Murray's  Patent. — The  great  speed  of  6000  revolutions  per  minute 
only  yields,  on  the  frame  above  described,  about  400  in.  with  15  turns 
per  inch.  To  enlarge  the  productiveness  of  frames  is  always  an  object 
with  spinning  inventors,  and  the  frame  known  as  Murray's  patent  is 
well  adapted  for  that  purpose.  The  frame  is  in  two  parts.  On  the 
head  is  a  creel  containing  the  single  threads  to  be  spun;  but  the  creel 
is  peculiar.  The  bobbins  sit  on  spindles  driven  from  the  second  of  two 
wharves  on  the  spinning  spindles  in  front  of  the  frame.  The  threads 
are  led  from  what  we  may  call  the  creel  bobbins  in  a  vertical  direction 
up  over  thread  rods.  From  the  rods  the  threads  are  carried  down  into 
the  grip  of  a  pair  of  very  heavy  drawing  rollers  running  in  the  middle 
of  the  frame.  In  front  are  the  spinning  spindles  proper,  with  flyers 
and  bobbins  working  on  the  throstle-drag  principle. 

The  spindles  holding  the  feed  bobbins  are  revolving  at  the  high 
rate  of  6000  revolutions  per  minute,  and  the  drawing  rollers  are 
dragging  from  them  thread  at  the  rate  of  800  in.  per  minute,  which 
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implies  tnat  a  twist  equal  to  yh  turns  per  inch  is  being  put  into  the 
thread.  But  the  spindles  below  are  running  at  precisely  the  same 
rate,  and  receive  exactly  the  same  amount  of  yarn;  therefore  the  other 
7|  turns  required  on  the  yarn  are  imparted.  By  this  very  ingenious 
adaptation  of  spinning  methods  the  production  of  the  frame  has  been 
doubled.  The  frame  has  not  been  greatly  favoured  by  the  trade, 
partly  because  it  is  an  innovation,  and  partly  because  the  quadruple 
form  of  the  older  machines  enables  spinners  to  produce  the  same 
quantity  in  a  more  leisurely  style. 

Doubling. — Silk  is  always  doubled  without  twist.  To  the  cotton  or 
wool  spinner  this  seems  a  contradiction;  but  it  is  so.  The  silk  yarns 
are  first  run  together  and  spooled  before  being  twisted.  The  operation 
is  very  simple,  resembling  reeling  more  than  anything  else,  the  differ- 
ence being  in  the  spooling  on  to  bobbins  instead  of  reeling  into  hanks 
and  the  doubling  of  the  threads.  Both  taking  and  giving  spools  are 
run  at  the  same  speeds,  so  that  there  is  neither  tension  nor  twist  on  the 
yarns. 

Tram. — Being  destined  for  weft  purposes,  tram  is  spun  as  lightly  as 
may  be.  The  single  threads  are  taken  raw,  and  doubled,  as  we  have 
seen,  on  a  spool ;  then  this  spool  is  spun.  No  more  than  5  turns  to 
the  inch  should  be  put  on  tram.  As  a  rule,  the  ordinary  spinning 
frame,  geared  to  deliver  rapidly,  is  employed.  The  winding-on  spool 
draws  at  the  rate  of  600  in.  per  minute,  whilst  the  spindle  with  the 
untwisted  yarn  runs  at  the  rate  of  from  2000  to  3000  revolutions.  In 
this  soft  condition  the  tram  is  ready  for  weaving. 

Organzine.^A  very  different  method  is  followed  in  making  warp 
or  organzine  yarns.  In  the  first  place,  the  spun  singles,  with  from 
12  to  15  turns  per  inch  on  them  already,  are  taken  and  doubled.  Then 
the  doubled  or,  it  may  be,  trebled  singles  are  thrown.  The  throwster 
must  be  careful  to  throw  with  a  twist  opposite  to  that  in  which  the 
singles  have  been  twisted,  or  a  serious  disaster  is  sure  to  occur,  and 
spoiling  of  much  valuable  material  will  ensue. 

The  same  spinning  frames  are  again  employed,  however,  the  whole 
of  silk  throwing  being  a  play  upon  three  or  four  devices.  For  throwing 
organzine  the  spinning  frame  is  geared  to  impart  from  8  to  10  turns  per 
inch  to  the  yarn. 

Other  Forms  of  Silks. — The  various  purposes  to  which  silk  is 
applied  frequently  call  for  variations  in  the  thrower's  operations.  For 
some  classes  of  embroidery  yarns  raw  singles  are  doubled  and  then 
spun  with  a  firmer,  harder  twist  than  tram ;  or  three  or  four  soft  singles 
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may  be  doubled  and  twisted  together;  but  in  all  the  different  styles  the 
changes  are  rung  on  doubling,  winding,  twisting,  and  reeling.  It  is 
the  high  merit  of  silk  that  for  no  purpose  does  it  require  elaborate 
treatment.  Beginning  as  a  thread,  the  very  finest  silk  becomes  yarn, 
cord,  or  cloth  with  marvellous  ductility. 

Reeling. — Thrown  silk  is  yarn,  but  is  hardly  ready  for  all  pur- 
poses. The  natural  gum  still  clings  to  it,  and  its  colour  is  very 
dull.  In  this  condition  the  silk  is  largely  woven,  the  clearing, 
brightening,  and  dyeing  being  done  in  the  cloth.  But,  as  we  have 
said,  this  does  not  always  serve.  Once  more,  therefore,  the  yarns 
must  be  unwound  from  the  bobbins  and  formed  into  hanks  for  the 
convenience  of  the  dyer  and  boiler.  The  silk  hank  reeler  differs  in 
some  respects  from  most  reelers  in  the  textile  trade.  It  is  a  double 
frame,  with  the  reeling  swifts  in  the  middle  of  the  head  of  the  machine, 
the  bobbins  sitting  on  the  bolster  rail  of  the  spindles.  Fitted  with 
self-acting  stop  motions  and  count  guiders,  the  reeler  fulfils  its  part 
efficiently,  forming  hanks  of  exactly  the  length  required.  As  a  rule, 
the  length  of  the  hank  is  looo  yd.  The  count  guide  takes  accurate 
note  of  the  length  reeled  on,  and  at  the  proper  moment  the  guide 
moves  along  a  point,  laying  the  next  skein  on  a  bare  part  of  the  reel. 
In  this  manner  a  perfect  series  of  skeins  is  produced. 

Bundles  and  Hanks  of  Silk. — The  ordinary  silk  hank  contains 
lOOO  yd.,  but  many  throwers  make  the  higher  qualities  up  in  half  hank 
and  quarter  hank.  Before  being  bundled,  the  hanks  are  weighed,  and 
classified  according  to  weight.  By  the  English  method  of  counting, 
the  hanks  are  graded  in  quarter  drams.  For  example,  if  a  hank 
weighs  3  dr.,  it  is  3-dr.  silk;  if  another  weighs  3^  dr.,  it  is  si-dr. 
silk;  and  so  on.  Hanks  of  equal  weights  are  laid  together,  plaited 
into  solid  bunches,  and  the  bunches  made  up  into  a  square  bundle  of 
a  certain  weight.  Neatly  laid,  the  hanks  are  put  under  a  bundling 
press.  This  is  commonly  a  hand  tool  closely  resembling  a  copying 
press.  The  box  is  built  of  smooth  iron  plates,  the  top  plate  sliding  in 
grooves  on  the  sides  of  the  box.  Supported  in  a  cross  bar,  through 
which  it  is  threaded,  the  strong  screw  is  applied  and  the  necessary 
pressure  imposed.  Left  in  the  press  to  settle,  the  bundle  is  taken  out 
and  tied. 

Thrown  Silk  and  Waste  Silk  Compared. — Because  relatively  cheap, 
waste  or  spun  silk  has  been  brought  into  successful  competition  with 
thrown  silk,  and  a  notion  has  grown  up  lately  that  the  spun  silk  is 
quite  as  good  as  the  rival  kind.      No  more  pointed  instance  of  the 
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power  which  cheapness  exercises  in  the  market  could  be  adduced  than 
this  suggested  equaHty  of  the  two  classes  of  silks,  because  nothing 
could  be  further  from  the  fact.  Being  a  natural  product,  real  silk  is 
irregular  in  form.  Sometimes  it  is  flat  in  shape,  and  sometimes  oval; 
the  thickness  varies  greatly  in  one  cocoon.  Silk  reelers  are  not  able  to 
cope  with  those  variations  of  infinite  grade  so  as  to  destroy  their  effects; 
consequently  the  raw  silk  supplied  to  the  throwers  of  this  country 
reveals  endless  variations.  Nor  can  we,  by  sorting  and  sizing,  alto- 
gether hide  the  fact  that  silk  is  not  a  symmetrical  product  of  manu- 
facture. But  here  the  question  comes:  What  do  wearers  of  silk  want? 
Or  rather,  what  is  it  they  ought  to  desire?  Weight,  solidity,  perfect 
texture,  strength,  lustre,  softness,  flexibility,  and  all  the  attributes  of 
the  finest  skin  are  the  proper  qualities  of  silk  cloth.  These  qualities 
can  be  derived  from  thrown  silk  alone;  no  other  fibre  in  the  world  can 
give  such  a  fabric.  The  ineradicable  defects  of  natural  silk  are  irre- 
gularity in  thickness  of  threads,  occasional  cloudiness,  stiffness  at 
parts,  and  want  of  reliability  for  perfect  uniformity.  These  latter 
defects  are  not  found  in  spun  silks  of  high  quality;  but  no  spun 
thread  can  be  perfectly  solid  unless  felted,  and  silk  cannot  be  felted. 
Weave  the  satin  as  closely  as  you  please,  and  the  individual  threads  of 
the  spun  silk  will  show  themselves,  if  not  obtrusively,  on  the  slightest 
provocation.  After  a  very  short  spell  of  wear  the  lustre  of  even  the 
best  spun  silk  begins  to  fade,  because  the  filaments  fray  out.  Weight 
can  never  be  put  into  a  cloth  made  from  spun  silk,  unless  it  be  a  repped 
or  fancy  pattern,  for  the  spun  threads  cannot  be  made  to  lie  close 
together.  Spun  silks  are  said  to  be  better  suited  than  natural  silks 
for  making  of  ornamental  cords  and  strong  sewing  threads.  The 
regularity  of  the  yarn  enables  the  doubler  to  make  threads  of  fine 
uniformity.  Even  here,  however,  too  much  may  be  conceded  to  the 
craze  for  cheapness.  In  tensile  strength  natural  silk  is  far  superior, 
though  it  must  be  conceded  that,  except  on  rare  occasions,  the  demand 
for  tensile  strength  in  silk  sewing  threads  and  ornamental  cords  is 
not  sfreat. 
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